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Miller  &   Cp 

In  view  of  the  confession  of  Miller  about 
his  hoax  expedition  I  was  wondering  how 
CQ  would  handle  this  disaster  to  their  Mil- 
ler series  and  their  Miller  DX  Handbook, 
They  did  beautifully.  After  reading  the  CQ 
editorial  T  was  left  with  the  distinct  impres- 
sion that  Don  Miller  had  been  most  kind 
and  gracious  to  the  ARRL  in  letting  them 
off  the  hook  on  his  libel  suit.  No  mention 
was  made  whatever  of  the  hoax  or  the  con- 
fession. Nothing  was  said  at  all  about  his 
evasions  on  questions  about  many  other 
trips  of  his,  I  think  CQ  should  certainly  win 
the  Baron  Munchausen  award  for  Forth- 
right Reporting  for   1968. 


Sifver  Futures 

As  I  find  myself  weaiing  out  from  these 
foolish  16  hour  work  days  it  is  not  too  un- 
natural for  my  mind  to  turn  to  alternate 
means  for  survival  in  this  world.  More  and 
more  iVe  been  getting  interested  in  the 
slock  market.   Lot  of  money   there. 

In  talking  with  one  of  our  advertisers  I 
mentioned  my  interest  and  he  poo-poohed 
the  market  The  real  money  is  in  comodities, 
he  explained.  Take  silver,  for  instance  .  ,  • 
it  is  in  short  supply  and  going  to  get  in 
nothing  but  shorter  supply  ,  ,  .  right?  So 
how  do  you  make  money  from  that  simple 
bit  of  information?  He  explained  about  how 
simple  it  was  to  buy  a  ^'silver  future'*  ,  ,  * 
that  you  only  had  to  put  up  10^  of  the 
cost  and  the  rest  was  on  margin*  You  could 
make  thousands  of  dollars.  That  sounded 
pretty    good,    I    did   like    the   ring   of   that. 

My  loeal  broker  quickly  bought  one  silver 
future  for  March  1969  for  me,  A  bargain 
at  only  $27,000!  I  had  to  put  up  only  $2700. 
M\  friend  was  right  •  .  .  two  davs  later  mv 
future  was  up  to  $27,500  ...  I'd  made  $500 
in  two  days!  Well,  if  Td  sold  out  right  then 
I  would  have  made  $500  in  two  days.  But 
that  future  was  headed  towards  $30,000  by 
the  end  of  the  year,  at  the  very  least,  my 
friend  had  explained.  In  the  next  five  days 
it  dropped  daily,  arriving  at  the  $25,000 
mark.  Oi!  My  friend  said  not  to  worry,  just 
a  little  fluctuation.  Silver  is  in  short  supply 
and    the   price    has    to   go   up,    I    nervously 


held  tight.  Sure  enough,  for  five  days  it 
went  up,  reaching  $27,000  again.  Whew! 
Four  days  later  it  was  down  to  $25,000  and 
I  was  a  nervous  wretch*  A  few  days  more  and 
it  was  back  to  $26,000.  I  called  my  broker 
to  see  what  he  had  to  say  .  .  •  "I'm  a  bear 
on  silver/*  said  he.  Hiimnn.  "Sell^"  said  I. 
I  got  out  at  $26,000  and  watched  the  March 
futures  skid  down  to  under  $22,000.  Perhaps 
I  should  have  bought  a  future  down  there, 
but  somehow  every  time  I  started  to  pick 
up  the  phone  my  arm  went  numb  and  I 
put  it  off, 

Pul>Iishing  may  require  long  hours,  but 
it  isn't  so  bad. 

Post  Office 

It  seems  to  me  that  our  mail  service  may 
well  be  headed  for  extinction.  As  the  rates 
go  up  and  the  deliveries  go  down,  something 
else  is  bound  to  take  its  place.  Of  course 
I  feel  that  the  post  office  could  easily  auto- 
mate if  they  had  the  incUnation.  By  stand- 
ardizing on  an  envelope  size  and  authoriz- 
ing a  simple  addressing  machine  which 
could  be  read  by  a  computer  they  could  get 
most  of  the  mail  in  shape  so  it  could  be 
sorted  and  handled  entirely  by  machine.  A 
special  low  postage  rate  would  force  all  com- 
merical  users  and  prudent  private  persons 
to  use  the  new  service. 

The  addressing  machines  could  vary  from 
a  $5  Dymo  type  contraption  to  regular 
typewriters,  I'll  bet  they  could  turn  them 
out  to  sell  for  $2. 

I've  wondered  why  AT&T  hasn't  taken 
advantage  of  their  extensive  wire  facilities 
which  go  into  virtually  every  home  and  busi- 
ness in  the  country  and  put  in  small  Tele- 
type-type  of  printers  which  would  permit 
you  to  type  up  a  letter  and  then  feed  it 
into  a  tape  for  instant  transmission  to  any 
other  similar  machine.  The  printers  would 
cost  a  little  more  than  a  phone,  but  would 
permit  almost  instant  mail.  I'll  bet  they 
could  turn  out  a  small  printer,  complete 
with  built  in  tape  recorder,  for  under  $200. 
That's  $20  a  year  for  10  years.  You'd  tv^ie 
your  letter  and  it  would  record  on  tape. 
You  could  play  it  back  on  your  own  print- 
er if  you  wanted  or  else  ]ust  push  the 
button  and  it  would  be  sent  to  your  local 

Pl€€tS€  turn  to  page  118 
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The  experts  know  that  niiitchless  performance  can  omI>  be  achieved 
through  matched  components- 

That*s  a  sound  principle  to  follo%v  ^vhether  your  interest  is  racing 
engines,  golf,  fishing  or  doing  a  better  home  laundry.  It*s  an  even  more 
importaht  criteria  when  you  trav^el  the  world  as  an  Amateur  Radicj 
Operator. 

You  travel  the  first  class  ticket  when  you  go  on  the  Galaxy  line. 
Matched  conii:>onents,  balanced  and  precision  produced  to  perform  as 
a  perfect  team.  A  team  that  will  take  you  anywhere  in  the  world,.. and 
bring  the  world  to  you, 

We're  Hams  ourselves^  so  we  know  that's  what  you  want  from  your 

equipment  investment. 


See  the  Galaxy  line  at  your  dealers*  If  he  doesnH 
have  ity  write  us  for  one  near  you  who  does, 

GAiAXY  Elect RONics 


''Pacesetter  in  AmateurlCommerdal  Equipment  Design*' 
10  South  34th  Street    •    Dept.  73-m34  «    Council  Bluffs,  Iowa  51501 


i 


UFO 


Late  in  July  headlines  were  made  all  over 
the  U.S.  when  Dr.  McDonald,  senior  phys- 
icist at  the  University  of  Arizona's  Ins ti Lute 
of  Atmospheric  Physics,  indicated  a  probahle 
connection  between  UFO's  and  the  power 
blackouts*  This  theory  Is  strongly  substan- 
tiated  in  Fuller*s  book,  "Incident  at  Exeten" 
available  in  paperback- 
Just  about  everyone  involved  in  studying 
the  UFO  reports  is  in  agreement  that  now^ 
is  the  time  for  a  step  np  in  the  investigation 
of  these  objects.  Russia,  despite  some  con- 
flicting reports,  is  going  all  out  to  investi- 
gate and  photograph  UFO's.  Amateur  radio 
has  it  in  its  power  to  do  more  to  help  bring 
light  to  this  mystery  than  any  other  group 
in  the  world.  Only  amateur  radio  reaches 
into  every  community  in  our  country  and 
makes  it  possible  to  provide  the  fast  com- 
munications that  will  be  needed  to  alert 
investigation  teams  along  the  line  of  UFO 
travek 

If  we  get  to  work  on  this  we  can  set 
up  the  most  comprehensive  alerting  network 
the  world  has  ever  seen.  We  can  tie  in 
every  other  communications  system  to  oiu' 
amateur  net  *  *  .  we  can  include  all  users 
of  mobile  radio,  marine  radio  and  aircraft 
radio  .  ,  .  all  fixed  stations  .  *  .  military  .  .  . 
go\'ernment  services  .  .  •  UFO  watching 
groups  .  .  ,  fire  tower  watchers  ,  ,  radio  and 
television  stations  .  .  .  ever\^thing.  If  each  of 
us  sets  up  a  liason  in  his  own  area  to  all 
other  services  and  interested  parties  to  re- 
ceive and  forward  any  UFO  reports  we  can 
acliieve  tliis  vast  system. 

Between  NICAP  and  APRO  I  suspect  that 
we  will  all  be  able  to  find  at  least  one 
person  in  any  area  who  is  interested  in  help- 
ing to  solve  the  UFO  mystery.  If  w^e  ask 
him  to  set  up  the  liason  by  phone  to  re- 
ceive reports  of  any  sightings  in  the  area 
from  any  source  and  pass  them  on  to  you 
and,  in  turn,  to  pass  along  any  alerts  you 
get  via  amateur  radio  to  those  interested. 
The  net  can  be  set  up  with  a  minimuin  of 
responsiliility  on  your  shoulders.  Of  course 
if  your  wife  is  interested  in  acting  as  the 
liason  then  she  could  handle  that  aspect 
of  the  not.  The  liason  man  should  be  avail- 
able  most  of  the  time  and  have  two  pliones 


,  ,  .  one  for  incoming  calls  and  the  other 
to  pass  along  messages  to  you  or  others  who 
should  get  the  word. 

If  you  can  fire  up  on  14.3  MHz  and  can 
devote  a  bit  of  time  to  helping  to  solve 
this  UFO  problem  as  well  as  enormously 
aiding  the  radio  amateur  image  in  your  com- 
munity tlien  get  started  bv  checking  in  at 
0200  GMT  (10  pm  EDT)  on  any  night  and 
reporting  your  interest  Next  drop  a  line 
with  SASE  to  NICAP,  1536  Connecticut  Ave. 
NW,  Washington  20036  and  ask  them  for 
the  name  of  a  person  interested  in  UFO's 
in  your  area  that  might  be  able  to  work 
with  you  on  tliis,  If  you  want  to  handle  it 
all  yourself  then  Just  get  to  work  contact- 
ing the  local  papers  and  giving  them  the 
story  of  the  net  and  your  service  with  the 
net.  Same  for  radio  and  television  stations. 
Promise  all  of  them  full  cooperaticm  on  in- 
ct)ming  reports  if  you  get  iinmttliate  re- 
ports   from    them   of   an>4hing   hot. 

After  youVe  contacted  your  local  CB 
group,  police,  fire,  CAP,  road  department, 
public  service,  telephone  company  and  doc- 
tors with  mobile  radio  then  start  looking 
for  other  mobile  radio  users  and  groups  or 
individuals  that  might  either  be  able  to  re- 
port sightings  or  benefit  by  knowing  of  prob- 
able sightings.  You  wiU  certainly  get  to 
know  a  lot   of  people  in  your  commimity. 

You  don't  have  to  profess  any  belief  or 
disbelief  in  UFO's*  That  is  one  of  the  pur- 
poses of  tlie  net  ...  to  pin  this  whole  matter 
down  as  quickly  as  we  can  and  either  make 
it  possible  for  positive  identification  of  these 
things  or  else  to  expose  them  for  what  they 
really   are. 

The  nice  part  of  it  is  that  we  can  pro- 
vide an  enormous  public  ser\ice,  complete 
with  great  benefit  to  amateur  radio.  When 
we  get  this  going  well  we  should  be  getting 
a  good  deal  of  national  promotion  .  ,  .  and 
we  may  see  more  fellows  getting  interested 
in  amateur  radio  and  find  Congress  more 
interested  in  helping  us.  Even  the  FCC  may 
begin  to  realize  that  we  exist 

One  other  point  that  you  might  not  have 
considered  ,  .  .  when  you  are  the  hub  of  this 

{turn  to  page  121) 
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A  low  cost  Crystal  for 
the  Experimenter 


•  LOW  COST 

•  MINIMUM 
DELIVERY  TIME 

3,000  KHz  to  60,000  KHz 


Postage 
Paid 


SPECIFICATIONS;  International  Type 
"EX"  Crystal  is  available  from  3,000 
KHz  to  60,000  KHz,  The  "EX'^  Crystal 
is  supplied  only  in  the  HC-6/U  holder 
Calibration  is  ±  .02%  when  operated  in 
International  OX  circuit  or  equivalent 


CONDITIONS  OF  SALE:  Alt  "EX"  Crys- 
tals are  sold  on  a  cash  basis,  $3.75 
each.  Shipping  and  postage  (inside  U.S* 
and  Canada  only)  will  be  prepaid  by 
International  Crystals  are  guaranteed 
to  operate  onfy  in  the  OX  circuit  or  its 
equivalent. 
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COMPLETE  OX  OSCILLATOR  KITS 

Everything  you  need  to  build  your  own 

U^  Postage  Paid 


MINIMUM  DELIVERY  TIME  We  guaran- 
tee fast  processing  of  your  order.  Use 
special  EX  order  card  to  speed  delivery. 
You  may  order  direct  from  ad.  We  will 
send  you  a  supply  of  cards  for  future 
orders.     / 


'  ORDERING  INSTRUCTIONS 

(1)  Use  one  order  card  for  each  fre- 
quency. Fill   out  both   sides  of  card. 

(2)  Enclose   money  order  with   order. 

(3)  Sold    only    under   the   conditions 
specified   herein. 
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Fig.  1.  Block  diagram  of  the  receiver. 
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The  purpose  of  this  article  is  to  outline 
some  of  the  difficulties  which  can  be  enconn^ 
tered  in  home  construction  of  amateur  band 
receivers.  This  is  not  intended  to  be  a  con- 
struction project  and  no  parts  values  will 
be  given,  but  will  deal  with  the  general 
problems  encountered  in  a  year  long  receiver 
design  and  constiuction  project.  Although 
the  field  of  receiver  design  and  homebrew- 
ing  may  seem  beyond  the  grasp  of  most  of 
the  casual  weekend  builders,  if  a  real  de- 
sire or  need  exists  for  an  individual  to 
achieve  a  goal,  a  httle  effort  and  organiza- 
tion, and  a  lot  of  patience  can  lead  to  a 
great  deal  of  satisfaction.  It  is  with  this  spirit 
and  determination  that  this  article  is  written. 

Prerequisites 

There  are  a  few  basic  preliminary  re- 
quirements to  fulfill  in  order  to  complete  a 
receiver  project,  or  any  project.  The  ones  that 
have  been  found  to  be  important  are  listed 
below. 


1.  Experience:  Tliis  is  the  most  important 
factor,  and  is  usually  dependent  on  con- 
siderable homebrewing  and  project  construc- 
tion in  the  past.  However,  even  with  a  lim- 
ited background  of  mechanical  skills,  it  is 
still  possible  to  do  an  acceptable  job.  It  is 
most  important  to  do  a  great  deal  of  reading. 
Read  every  magazine  article  or  book  that  is 
available,  and  search  for  more.  Look  for 
things  that  are  interesting  and  have  a  place 
in  your  project. 

2.  Organization:  Start  a  folder  or  note  book 
of  schematics,  articles,  gadgets,  and  hints 
and  kinks  that  pertain  to  receiver  design. 
This  folder  can  be  constantly  in  use,  being 
revised,  added  to  and  reviewed,  in  order  to 
keep  it  current  and  alive  in  your  mind. 

3.  Design:  This  is  where  you  do  the  sorting. 
Here  all  the  ideas,  schematics,  and  methods 
that  are  obtained  are  integrated  into  a  block 
diagram  of  the  future  receiver.  The  objec- 
tives here  should  be  a  compromise  between 
your  desires,  and  what  is  available  or  prac- 
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tical.  Singlemindedness  should  be  avoided. 
It  can  happen  in  engineering  projects  that 
a  designer  will  use  certain  methods  just  for 
the  sake  of  using  them.  An  example  is  the 
conflict  between  integrated  circuits  and  indi- 
vidual component  circuitii.  Don't  feel  that 
you  have  to  design  a  project  with  aU  inte- 
grated circuits  when  a  circuit  with  ordinary 
transistors  will  be  acceptable  at  a  lower  cost. 
4,  Test  Equipment  and  Tooh:  In  many  cases 
frustration  can  result  from  simply  a  lack  of 
the  proper  took;  A  simple  volt-ohm  meter 
is  a  must,  and  a  vacuum  tube  voltmeter  is 
handy  for  measuring  voltages  without  loading 
the  circuit  down,  but  is  not  an  absolute  re- 
quirement. Perhaps  the  most  important  piece 
of  equipment  for  working  with  radio  fre- 
quencies is  the  grid  dip  oscillator.  The  avail- 
ability of  this  instrument  made  this  project 
possible.  One  of  the  most  difficult  problems 
is  detecting  if  and  telling  w^hat  frequency  it 
Is.  Also  along  this  line,  a  signal  generator  is 
useful  for  tmiing  up  and  rough  calibration. 
All  the  various  tools  for  wiring  and  metal 
working  have  been  mentioned  many  times  in 
other  articles,  but  the  most  used  ones  de- 
serve mention.  In  chassis  working,  an  elec- 
tric drill  w  ith  a  good  set  of  bits  up  to  about 
%  inch  diameter,  a  nibbler,  and  a  few  handy 
sizes  of  chassis  punches  are  necessary.  For 
wiring,  wii^e  strippers  and  needle  nosed  pliers 
are  constantly  in  use. 
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The  design 

Fig.  1  shows  the  final  block  diagram  of 
the  receiver.  Starting  from  the  antenna  input, 
a  7360  beam  deflection  mixer  is  used  to  con- 
vert to  the  1750  kHz  intermediate  frequency. 
There  is  only  one  tuned  circuit  in  the  input, 
but  the  Q  of  the  air  wound  inductor  is  high 
enough  to  prevent  most  troublesome  images 
without  a  Q  multiplier.  The  most  significant 
feature  is  the  low  cross  modulation  distor- 
tion, and  the  disadvantage  is  the  high  cost 
compared  to  other  tube  types.  This  is  a  very 
common  circuit  and  can  be  found  in  many 
publications.^ 

The  oscillator  circuit  is  taken  from  the 
Highflyer2,  and  consists  of  the  popular  high 
C  colpitts  circuit  with  the  other  section  of  the 
12AU7  used  as  a  buffer,  A  little  extra  care 
here  really  makes  the  differetice  with  re- 
spect to  stability.  The  oscillator  operates  on 
5250  kHz  to  provide  an  if  output  on  1750 
kHz  with  an  input  on  either  3500  or  7000 
kHz.  Fig.  2  shows  this  circuit. 
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Fig.  2,  Schematic  of  the  oscillator  circuit. 


The  second  mixer  is  a  necessary  evil  when 
a  low  second  if  is  used.  It  was  decided  that 
a  pentagrid  mixer  circuit  would  be  tried  in 
this  case,  and  it  was  found  to  be  adequate. 
This  was  a  classical  circuit  taken  from  the 
handbook. j^  It  was  found  that  double  tuned 
circuits  were  necessar>^  in  the  coupling  be- 
tween the  two  mixers  to  reduce  image  re- 
sponse. 

The  second  conversion  oscillator  was  modi- 
fied from  a  circuit  in  an  old  handbook,4  and 
is  a  very  useful  device.  A  1000  kHz  crystal 
provides  calibration  markers,  while  the  plate 
of  the  oscillator  is  tuned  to  2000  kHz  to 
provide  injection  to  the  second  mixer.  On 
the  seven  MHz  frequency  the  signal  from 
this  oscillator  is  close  to  the  same  level  as 
most  incoming  signals,  and  provides  a  handy 
calibration  checkpoint.  The  schematic  is  indi- 
cated in  Fig.  3p 

Following  the  mixer  is  the  real  reason  for 
the  low^  if  frequency;  the  Collins  mechanical 
filter.  It  was  obtained  from  a  friend,  and 
is  really  the  backbone  of  the  receiver.  After 
much  experience  with  crystal  filters,  it  was 
feared  that  too  high  an  input  level  to  the 
filter  would  harai  its  frequency  response,  but 
even  with  one  volt  across  the  input  the 
response  curve  is  unchanged.  The  tw^o  if 
ampHfiers  were  taken  from  the  handbooks, 
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Fig,  3.  Second  cont'ersion  oscUiator, 
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and  are  completely  straightfonvard.  262  kHz 
automobile  radio  if  transformers  were  tmied 
down  to  250  kHz  with  no  modification.  The 
if  transformers  were  loaded  with  10  K  re- 
sistors across  their  windings  to  prevent  oscil- 
lation when  necessary.  Expect  the  if  ampli- 
fiers to  oscillate,  and  take  steps  to  prevent 
it  when  they  do.  The  circuits  can  be  de- 
tuned or  loaded  down  to  reduce  the  Q 
without  worrying  because  the  selectivity  is 
determined  bv  the  mechanical  filter  at  the 
input.  Don't  reduce  the  voltages  to  stop  oscil* 
lation,  but  run  the  tubes  at  the  reconim ended 
voltages  for  best  results. 
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Fig.  4.  Simple  product  detector  circuit. 

There  are  many  types  of  product  detector 
circuits  which  can  be  used,  and  Fig,  4  shows 
the  simplest.  The  dual  diode  configuration 
was  tried  with  less  than  the  best  of  results. 
The  reverse  resistance  of  the  diodes  is  crit- 
ical, and  it  will  not  work  well  with  just  any 
type  diode.  The  distortion  that  resulted  may 
have  been  caused  by  too  low  an  injection 
voltage  from  the  BFO,  but  finally  the  circuit 
shown  in  Fig,  5  was  used.  This  is  similar  to 
a  circuit  that  has  been  used  by  Heathldt, 
and  is  not  much  more  comphcated  than  the 
diode  circuit.  The  signal  from  the  BFO  is 
injected  into  the  cathode,  the  if  signal  goes 
in  at  the  grid,  and  audio  comes  out  at  the 
plate.  This  will  handle  the  strongest  of  sig- 
nak  without  distortion.  It  is  unfortunate  tliat 
the  BFO  had  to  be  on  the  same  frequency 
as  the  major  if  amplification.  If  the  BFO 
signal  gets  around  to  the  input  of  the  if 
amplifier  it  can  ride  on  through  and  reduce 
the  effectiveness  of  the  amplifiers.  The  ideal 
solution  to  this  problem  is  using  another  con- 
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Fig.   5.    Product   defector   circuit    chosen   for   this 
receiver^ 


version  and  putting  the  BFO  and  product 
detector  on  another  frequency.  In  this  case, 
another  conversion  would  not  have  been  de- 
sirable, and  careful  isolation  of  the  BFO  from 
the  first  if  stage  is  the  only  recourse^  The 
BFO  is  a  t)rpical  circuit©,  and  a  schematic  is 
shown  in  Fig.  6,  The  only  major  require- 
ments that  this  circuit  must  meet  are  fre- 
quency stability  and  high  output  voltage. 
The  output  obtained  from  the  6SN7  was 
adequate,  but  the  frequency  tends  to  "pulF*, 
or  change  frequency  when  a  strong  signal 
comes  through  the  if.  This  is  a  major  prob- 
lem in  all  mixer-oscillator  circuits,  and  the 
solution  is  to  isolate  the  mixer,  or  in  this 
case  the  product  detec^tor  from  the  oscillator. 
Tliis  puUing  only  results  from  very  strong 
signals,  and  has  not  been  a  problem  except 
when  deUberately  driven  by  a  signal  gener- 
ator. This  has  not  been  a  problem,  but  if 
it  were,  the  other  section  of  the  6SN7  is 
available  to  use  as  a  cathode  follower  to 
isolate  the  BFO  from  the  product  detector 
as  was  done  in  the  first  mixerp 

An  automatic  gain  control  (AGC)  is  us- 
ually included  in  modern  receivers  to  allow 
the  receiver  to  run  at  maximum  gain  without 
being  overloaded  by  a  sudden  strong  signal. 
The  AGC  circuit  used  in  this  project  is  a 
popular  on 67  that  sees  a  great  deal  of  use 
in  home  constructed  receivers  because  of  its 
simplicity  and  refiabihty.  The  audio  voltage 
from  the  product  detector  is  amplified,  recti- 
fied, and  applied  to  the  grids  of  the  if  ampU- 
fier  tabes  with  a  negative  polarity.  R  and  C 
in  the  circuit  determine  the  duration  of  the 
hold-in  time  between  the  instant  that  a 
signal  is  removed  and  the  instant  that  the 
AGC  voltage  returns  to  its  no-signal  value. 
The  higher  the  product  of  R  times  C,  the 
longer  the  delay  will  be.  Longer  time  delays 
are  usually  provided  for  SSB  operation^  while 
shorter  delays  are  usually  desired  for  CW 
operation.  Typical  values  for  R  and  C  are 
5.6  megohms  and  0.1  microfarads.  A  sche- 
matic of  this  circuit  is  shown  in  Fig.  7, 
There  are  more  complicated  circuits  that  are 
available,  but  this  one  will  usually  prove 
very  successful  for  a  beginner. 

One  unusual  problem  that  occurred  in 
the  AGC  area  was  finally  found  to  be  caused 
by  inadequate  filtering  in  the  output  of  the 
product  detector-  The  strong  BFO  signal 
was  going  through  the  product  detector 
just  like  an  amplifier  and  was  appearing 
at  the  AGC  amplifier  to  produce  a  high 
AGC  voltage  that  refused  to  change  value. 


1 


9 


73  MAGAZINE 


r-\<r-' 


ZSOkHz 
OUTPUT 


-K 109  (RBI) 


fT7     rti 
Fig^  6,  BFO  circuit 


Note  the  filtering  circuit  that  is  used  in 
the  plate  of  the  product  detector  with  the 
rf  choke  and  the  two  ,001  microfarad  by- 
pass capacitors.  Increased  filtering  is  neces- 
sary at  lower  frequencies. 

The  audio  amplifier  consists  of  a  12AX7 
driving  a  6AQ5  output  tube.  This  is  a 
simple  circuit  and  can  be  found  in  many 
different  versions  in  many  publications.  Un- 
fortunately, the  simplicity  can  be  deceptive, 
because  in  this  case  the  audio  amplifier 
caused  a  great  deal  of  trouble  that  was  at- 
tributed to  other  circuits,  thus  increasing 
the  problem.  The  low  level  voltage  amplifi- 
cation stages  {12AX7)  should  be  isolated 
from  each  other^  and  from  the  6AQ5  to 
prevent  feedback;  This  can  be  simply  done 
by  adding  a  resistor  (47K  is  typical)  in 
series  between  the  12AX7  plate  circuit  and 
the  power  supply,  and  bypassing  it  at  the 
plate  resistor  end  with  a  ten  or  tvventy 
microfarad  electrolytic  capacitor.  This  is  al- 
most alwavs  included  in  modulator  circuits, 
but  is  seldom  used  in  receivers.  This  pre- 
caution was  found  to  be  quite  necessary  in 
this  case*  Also,  all  the  ordinary  precautions 
should  be  obseri^ed  of  shielding  the  low  level 
audio  leads  that  go  to  the  volume  control 
and  the  grids  of  the  voltage  ampfifiers.  Power 
leads  should  be  placed  so  that  they  are 
away  from  these  sensitive  leads. 

Last  and  usually  least  discussed,  is  the 
power  supply.  The  power  supplies  today  are 
usually  built  with  solid  state  rectifiers,  and 
this  receiver  is  no  exception.  The  problem 
encountered  here  was  the  assumption  that 
a  small  triiisformer  could  be  used  if  some 
of  the  tube  filaments  were  on  the  5.0  volt 
winding  of  the  power  transformer.  In  this 
case,  this  resulted  in  a  degradation  of  the 
overall  sensitivity  of  the  receiver,  and  caused 
months  of  frustrated  if  amplifier  building 
and  modification  where  none  was  nseded- 
This  is  a  case  where  a  good  VOM  applied 
to  the  right  place  can  help  a  great  deah  In 
a  last  effort,  the  tubes  were  checked  in  a 


tube  tester,  and,  by  cliance,  one  was  re- 
placed in  the  receiver  wliile  the  filament  was 
still  hot.  What  a  difference!  The  transformer 
found  its  way  to  the  trash  can  in  the  same 
evening. 

Mechanical   layout  and  construction 

In  starting  a  project  of  this  magnitude 
it  is  usually  a  good  idea  to  invest  a  con- 
siderable amount  of  money  to  provide  a 
proper  foundation  for  the  receiver,  A  one- 
eighth  inch  thick  aluminum  rack  panel  was 
purchased  as  was  a  chassis  and  side  braces. 
These  components  idong  witli  the  dial  make 
up  the  major  cost  of  the  receiver.  The 
chassis  was  selected  as  large  as  possible, 
and  was  still  too  small  after  several  addi- 
tions were  made.  Also,  a  collection  of  smaller 
chassis  would  provide  better  shielding  be- 
tween circuits  and  better  mechanical  rigidity 
but  it  is  very  difficult  to  work  down  inside 
the  small  spaces.  The  best  Eddys  tone  dial 
was  selected  to  provide  a  smooth  and  me- 
chanically stable  frequency  control.  The 
price  is  reasonable  when  the  results  are 
considered,  and  can  be  justified  by  noting 
the  feelings  that  can  be  involved  \\'hen 
working  with  a  project  of  this  magnitude. 
There  is  also  a  great  incentive  involved 
when  a  considerable  amount  of  money  has 
been  spent,  and  using  cheaper  components 
can    result   in    discouragement. 
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Fig^  ?•  The  AGC  circuit. 

The  objective  here  is  to  arrange  the  com- 
ponents so  that  they  physically  resemble 
the  block  diagram.  This  is  to  provide  isola- 
tion between  circuits  that  when  coupled 
may  cause  annoying  feedback,  and  to  pro- 
vide close  coupling  between  circuits  that  are 
connected  to  each  other.  Also,  the  mounting 
of  the  first  oscillator  circuit  is  considered, 
and  all  possible  methods  should  be  employed 
to  provide  a  sohd  mechanical  mounting  of 
this  unit.  The  oscillator  is  usuallv  constructed 
in  a  separate  box  to  provide  thermal  insula- 
tion with  the  ambient   temiierature  to  pre- 
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vent  temperature  changes  from  affecting 
the  frequency.  This  was  considered  in  this 
ease,  and  it  is  also  important  that  the  tube 
is  mounted  outside  of  the  box.  The  oscilkitor 
compartment  \\  as  mounted  on  a  three-eighth 
inch  tliick  aluminum  slab  and  mounted  with 
one  quarter  inch  diameter  brass  bolts  through 
spacers  to  align  the  oscillator  variable  ca- 
pacitor with  the  dial  shaft.  A  semi-flexible 
coupling  taken  from  an  old  surplus  tuning 
unit  was  used  to  prevent  binding  in  the  case 
of  any  misalignment-  The  large  metal  base 
was  used  only  in  the  hopes  that  increasing 
the  mass  of  the  unit  would  make  it  more 
resistant  to  mechanical  shocks.  The  chassis 
is  depended  upon  to  provide  most  of  the 
coupling  between  the  box  and  the  dial.  An 
improvement  here  with  the  addition  of  more 
bracing  between  the  oscillator  box  and  the 
dial  would  be  a  needed  improvement  if 
the  unit  were  to  be  subjected  to  a  great  deal 
of  vibration  in  operation.  At  this  point,  as 
a  reminder,  it  is  always  good  to  use  lock 
washers  in  all  construction.  The  bolts  that 
hold  the  panel  to  the  chassis  have  a  habit 
of  working  out  if  the  unit  is  moved  around. 

The  only  comment  about  wiring  is:  be 
patient.  Wiring  can  get  quite  messy  in  ex- 
perimental work  during  the  excitement  of 
the  chase,  and  should  be  gone  over  after  final 
decisions  have  been  made.  Also,  when  wiring 
it  is  always  a  good  idea  to  start  from  the 
output  and  work  forward.  This  is  done  to 
prevent  frustration  that  can  result  when  a 
large  device  is  built  with  the  inevitable 
errors  which  are  always  present,  only  to 
find  n  massive  trouble  shooting  project  when 
it  was  thought  the  project  was  completed. 
Each  circuit  was  constructed  so  it  could 
be  checked  in  operation  before  going  on 
to  another  circuit.  Building  a  huge  receiver 
seems  like  quite  a  large  project,  but  no 
one  will  balk  at  building  just  a  power  supply ^ 
or  just  an  audio  amplifier,  or  some  other 
individual  circuit.  The  success  of  each  step 
%\ill  add  encouragement,  and  success  is  not 
difficult  in   any  given  unit, 

A  few  words  concerning  parts  substitution 
are  in  order  here*  A  well  stocked  junk  box 
can  be  a  great  asset,  but  it  can  cause  a  good 
deal  of  grief  if  used  excessively  or  un- 
wsely.  It  must  be  established  without  any 
doubt  that  a  component  to  be  employed  is 
usable  for  the  intended  application.  A  com- 
ponent that  is  faulty  and  is  assumed  to 
be  good  can  cause  one  to  suspect  some 
component    that    is    not    the    caase    of    the 


problem.  For  example^  the  variable  capac- 
itor used  in  the  first  oscillator  was  taken 
from  a  surplus  ARC-5  command  transmitter* 
Here  was  the  ideal  capacitor  with  ball  bear- 
ings at  both  ends  of  the  rotor  shaft,  and  very 
rugged,  stable  construction.  However^  the 
contact  between  the  rotor  and  ground  was 
corroded^  and  caused  an  uneven  change 
in  frequency  as  the  dial  was  tmned.  A 
great  deal  of  effort  and  worry  was  involved 
in  trying  to  cure  the  "backlash  in  the  diaL" 
The  main  point  is  just  to  avoid  using  com- 
ponents wliich  are  not  new  or  in  new 
condition,  and  it  doesn't  make  much  sense 
to  build  a  new  receiver  with  components 
which  are  not  new.  It  is  also  a  good  idea 
to  buy  small  components  such  as  resistors 
and  capacitors  new,  rather  than  using  old 
ones.  The  old  leads  which  have  been  bent 
can  breaks  and  sometimes  a  distributor  will 
give  a  discount  when  large  quantities  are 
purchased  as  would  be  true  when  building 
a  receiver. 

Results 

The  sensitivity  was  measured  with  a  TS 
413  A/U  signal  generator.  The  rf  voltage 
was  applied  to  a  fifty  ohm  carbon  resistor 
across  the  input  at  7200  kHz.  With  the 
output  on  the  ten  microvolt  scale,  the  re- 
ceiver could  still  give  Q5  copy  on  the  gen- 
erator output  with  the  output  level  control 
at  zero,  Tliis  was  probably  less  than  one 
half  microvolt,  which  was  the  least  scale 
count  on  the  output  level  meter  of  the 
si  gnal    generator. 

The  stability  was  good.  In  a  test  where 
the  first  oscillator  was  zero  beat  with  WWV 
(on  5  MHz)  the  power  had  been  on  only 
long  enough  for  the  filaments  to  come  up 
to  operating  temperature.  During  this  one 
half  hour  test  period^  the  signal  stayed 
zero  beat  as  far  as  could  be  detected,  and 
the  drift  must  have  been  less  than  100  Hz. 
In  actual  operation^  warm  up  drift  is  never 
noticed.  In  a  condition  like  amateur  opera- 
tion, short  term  stability  is  the  prime  con- 
sideration rather  that  how  much  drift  there 
has  been  after  two  days.  Since  transmissions 
and  QSO's  are  usually  short,  it  is  tlie  sta- 
bility during  a  short  period  of  time  that 
is  most  important.  Dropping  the  receiver 
ciin  cause  a  frequency  change  of  a  few 
hundred  Hertz,  depending  on  the  height 
from  which  it  is  dropped.  This  is  mostly 
due  to  the  dial  changing,  and  not  being 
rigidly  referenced  to  the  tuning  capacitor. 
However,  in  normal  operation,  the  receiver 
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is  seldom  dropped,  and  is  of  no  great  con- 
sequence* 

Just  indicating  that  a  mechanical  filter 
is  used  is  sufficient  to  determine  the  degree 
of  selectivity-  The  selectivity  is  adequate 
in  all  respects,  indicating  that  care  had  been 
taken  to  isolate  the  input  of  if  iimplifier 
to  signals  that  might  have  sneaked  around 
the  filter.  Image  response  is  not  so  com- 
mendable, and  a  few  weak  images  from 
strong  navy  teletype  stations  near  this  lo- 
cation can  be  heard.  This  is  a  result  of 
the  multiple  conversions  also  multiplying 
the  chances  for  images.  This  has  not  caused 
any  problems  when  the  receiver  is  used  with 
a  well  tuned  antenna,  but  for  weak  signal 
reception  with  a  poor  antenna  close  to  a 
strong  transmitter,  problems  could  result. 
There  are  plans  for  increasing  the  selectivity 
for  CW  by  the  addition  of  toroid  coil  audio 
filters.  Also  the  bandpass  can  be  widened  by 
adding  capacitors  across  the  mechanical 
filter  if  the  receiver  is  to  be  used  for  AM, 

Afterthoughts 

Since  this  receiver  covers  only  eighty  and 
forty  meters,  crystal  controlled  converters 
are  planned  for  the  higher  frequency  bands. 
The  good  cross  modulation  characteristics 
of  field  efiFect  transistors  with  their  low  cost 
(less  than  one  dollar),  their  simplicity  (only 
three  leads;  no  filament  or  screen),  and 
compact  size  make  them  ideal  to  meet  the 
requirements  of  this  receiver.  The  now 
widely  available  information  on  them**  will 
make  this  an  easy  addition,  and  mechanical 
layout  will  be  the  only  chore. 

In  conchision,  considering  the  money  and 
effort  that  went  into  this  project,  it  has 
^ven  a  very  good  return,  not  just  consider- 
ing the  performance  of  the  receiver,  but 
the  experience  which  has  been  gained  from 
the  errors  and  corrections  leading  to  the 
final  success. 
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The  HEATHKIT®  SB-301  amateur  band  receiver 


Performance-Plus  Features,  Top  Dollar  Value 
And  Sophisticated,  Quality  Engineering  Have 
Made  The  SB-301  The  World's  Largest  Selling 
Receiver 

•  80  through  10  meter  coverage  on  AM,  CWand  S5B  with 
atl  crystals  furnished  m  Famous  Heath  factory  assembled 
and  aligned  Linear  Master  Oscillator  for  truly  linear,  high 
stability  tuning  m  Crystal -controlled  front  end  for  same 
rate  tuning  on  all  bands  •  1  kHz  dial  calibratfon  —  100 
kHz  per  dial  revolution  •  Less  than  50  Hz  backlash  •  Less 
than  100  Hz  drift  per  hour  after  warm-up  •  Bandspread 
equal  to  ten  feet  per  megahertz  •  Tuning  dial  to  knob 
ratio  approximately  4  to  1  •  Three  speed  AGO 

Plus  These  Extra-Performance  Features  That 
Put  The  SB-301  In  A  Class  By  Itself 

m  RTTY  position  on  mode  s^A/itch  —  SB-301  is  a  fully 
capabJe  RTTY  receiver  •  15  to  15,3  MHz  coverage  for 
WWV  reception  •  Built-in  100  kHz  crystal  calibrator  • 
Built-in  switch  selected  ANL  —  a  real  help  if  your  QTH 
is  in  a  high  noise  location  •  Front  panel  switching  for 
control  of  optional  6  and  2  meter  ptug-in  converters  — 
enables  complete  80  through  Z  meter  amateur  band 
coverages  Front  panel  switch  selection  of  optional  AM 
and  CW  crystal  filters  «  Circuit  board,  wiring  harness 
construction  maks  assembly  fast  and  simpFe 

Kit  SB-301  J,  Amateur  Band  Receiver,  less  speaker^ 

23  lbs _  _  .  $260.00 

SBA-301-1f  Optional  AM  crystal  filter  (3.75  kHz),  1  lb.  $20.35 


SBA-301-2,  Optional  CW  crystal  filter  (400  Hz).  1  lb... $20.95 

Kit  SBA-3O0-3«  6-Meter  Plug-in  Converter,  2  lbs $19.95 

Kit  5BA-30a-4,  2- Meter  Plug-in  Convener.  2  lbs .  $19.9$ 

Kit  SB-600,  CommunicaCions  Speaker,  B  lbs ,..,.$18«9S 

Look  over  the  specs  and  find  out  why  thou- 
sands of  hams  have  chosen  the  SB-301  for 
their  shack! 

SBO01  PARTIAL  SPECrFICArrONS  —  Fr#qipency  rangft  (megohertz); 
3.5  to  4.0,  7.0  to  7.5,  14.0  lo  14.5.  150  to  1S.3,  2L0  Jo  21.5,  28.0  to  28.5. 
28.5  to  29.0.  29.0  to  29,5,  29-5  to  30.  Inl»rfn«diat*  frequency:  3.395 
mcgohertz.  Frequency  itabllily:  L^sf  than  100  Hz  per  hour  dffer  20 
min.  wormul^  vndet  narmai  ambient  ccnditrons.  Lets  than  100  Hx  for 
"^10%  Jine  voltoge  variotion.  Vliuol  dial  oecuracy:  Within  200  Hz  on 
oil  bands,  ilectric  dial  accuracy:  Wifliin  400  Mz  on  oN  boncfi  offer 
caltbratfon  at  nearest  100  kHz  point.  Bacletaih:  No  more  than  50  Hi. 
Senitlivity;  less  fhon  0.3  microvolt  for  }Q  db  iigno(-plus*notse  to  noise 
rotio  for  SSB  operation.  Modes  of  D|iero1|ons  Switch  selected;  ISB, 
use,  CW,  AM,  RTTY.  Selectivity:  RTTY;  2.1  kHz  ot  6  db  down,  5.0  kHz 
ol  60  db  down  (crystal  filler  supplied).  SS8;  2.1  kHz  at  6  db  down,  5.0 
kHz  of  60  db  down  (cryitol  filter  tuppliedj.  AM;  375  kHz  al  6  db  down^ 
10  kHz  ot  60  db  down  (cry^tcit  filter  availobfe  os  accessory).  CW;  400  Hz 
ot  6  db  down,  2.0  kHz  at  60  db  down  {crystal  fiUer  ovoiloble  as  occeisofy). 
Sfitrriotit  responte:  Imoga  ond  if  rejection  better  than  50  db.  Interrtal 
spurious  signoU  below  ec|ufvot«nt  onteiina  input  of  1  microvolt.  And  la 
response;  SS8,'  350  to  2450  Hz  nominal  ot  6  db.  AM,-  200  to  3500  Hz 
nominol  ot  6  db.  CW;  800  to  1200  Hz  nominal  ot  6  db.  Audio  output 
impedance:  Unbafonced  nominal  8  ohm  speoker  ond  high  impedance 
heodphone.  Audio  output  power;  V'^  w^^^t  wIlK  less  Ihon  8%  distorlion, 
Anfenno  input  impedance:  50  ohms  nominnJ.  Muting:  Open  externat 
grourd  at  Mute  docket.  Cfytfat  cotibrotor:  100  kHz:  cryitol.  Paw«r 
svrppfy;  Tronsformer  opercrted  with  siitcoft  d(ode  rectifiers.  foiMf*r  re- 
quirements: 120/240  V  AC,  50/60  Hz,  50  wotti,  Dlmeniioni:  14>g* 
W  X  6H'  H  X  UH'  D. 


The  HEATHKIT^  SB-401  5  Band  SSB  Transmitter 


Imaginative  Engineering  and  Rugged,  Reliable 
Performance  Capabilities  Have  Made  The  SB- 
401  The  World's  Largest  Selling  Transmitter 

m  Ideal  power  level  for  lidrefoot  operatton  —  180  watts 
PEP  SSB,  170  watts  CW  •  Makes  a  perfect  driver  for  any 
linear,  like  the  SB-200  •  Burlt-in  pow^er  supply  and  srnalL 
compact  size  make  it  an  excelfent  self-contained  desk 
top  transmitter  •  Famous  Heath  pre*built  &  aligned 
LIVYO  for  rock  solid  frequency  control  —  less  than  100  Hz 
drift  per  hour  after  warm-up  «  ALC  for  more  talk  power 
means  better  DXing' through  QRM  •  Crystal  filter  side- 
band generation  •  Built-in  antenna  change*over  relay 
•  Operates  upper  or  lower  sideband  •  VOX  and  PTT 
control  m  1  kHz  dial  calibration  — 100  kHz  per  dial  revolu- 
tion •  500  kHz  per  band  switch  position  *  Maximum  TVI 
protection  from  completely  shielded  and  isolated  cir- 
cuits •  Relative  power  meter  •  Clean  signal  character* 
istics  —  carrier  and  unwanted  sideband  suppression 
of  55  dB 

The  Versatility  You  Need  For  DXing,  Round 
Tables,  Nets  Or  Rag-Chews 

m  Just  a  flick  of  a  switch  to  select  transcelve  or  inde- 
pendent operation  of  the  SB-401  and  SB-301  (orSB-300) 
combination  —  no  troublesome,  time  consuming  cable 
changing  . . « ideal  for  cross  band  work  •  Can  be  operated 
as  an  independent  transmitter  ^A^ith  any  receiver  when 
the  SBA-401*1   crystal  group  is  installed  •  Fast^  clean 


break-in  CW  keying  •  Meter  checks  grid  current,  final 
plate  current,  ALC  maximum  modulation,  final  plate 
voltage  and  relative  power,  all  at  the  flick  of  a  switch. 


r*   r    <    * 


Kit  SB-401,  34  lbs 
SBA-401-1,  Crystal  Pack,  1  lb. 


•  •**••■■ 


Check  the  specs  and  see  the  many  reasons  whv 
you  hear  the  SB-401  on  the  air  more  often 
than  any  other  transmitter! 

SB-40T  SPECIFICATIONS  —  Emlttlon:  SSB  (upper  or  I ow«%  sideband] 
and  CW.  fower  inpifft  170  wath  CW,  ISO  watts  P.E.P.  SSB.  Powar  o»U 
pufi  100  vtQtH  (60-15  meters),  80  watts  (10  meters).  Output  imp«danc«; 
50  to  75  ohm  —  less  thon  2:1  SWR.  Frequency  range:  (MHz)  3.5  —  -J.O; 
7.0  —  7.5;  14.0  —  14.5,-  2L0  —  21.5;  28.0  —  28.5;  2B.5  —  29.0;  29.0  — 
29,5;  29,5  —  30.0.  Freqw^ncy  itabllity:  Less  IKan  100  Hz  per  hr.  offer 
20  min.  wcifmup.  Carrier  tuppre&sion:  55  db  beJow  peok  output.  Un- 
^vonted  fjiteband  luppression:  55  db  ©  1  kHz.  Infermodufotion 
di&fortton:  30  db  befow  peok  output  (two4one  test).  IC#ytng  ctior- 
acteristici:  Break ^in  CW  provided  by  operating  VOX  from  a  keyed  tone 
(Grid  block  keying).  CW  iidefane:  1000  Ht.  ALC  characteristict:  10  db 
or  greotcr  fe  0*2  ma  finol  grid  current,  Noiie  level:  4€  db  below  rat^d 
COrrjer.  Viiiial  dial  accuracy:  Writim  200  Hz  (olt  bands).  Electricat 
diat  accuracy;  Within  400  Hz  after  ta I ibrotion  ot  nearest  1O0  kHz  pomt 
[oil  band»),  Bacttldsti:  less  thon  SO  Hz,  Oiclltator  fdedthrough  or 
mixer  producif :  55  db  befciw  rated  output  {except  3910  kHz  crossover 
whicH  is  45  db)^  Hdnnanic  radiation:  35  db  below  roted  output.  Audio 
Input:  High  impedonce  mitrqphonc!  or  ptione  potdi.  AudJO  frtqw#ncy 
retponte:  350 -2450  Hi:  ^3  db.  Power  rftquiremenli;  80  wottj  STBY, 
260  wafts  kty  down  0.  120/240  V  AC,  50/60  Hz.  DimAfiiioni:  U>£' 
W  X  tH*  H  It  13H'  0. 
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3-Tube  Superhet 
Short-  Wave  Receiver 


Jess   W.  Speer  ff6ELJ 
3059  Austin  Aventie 
Santa  Susana,  Calif,  93063 


T2  455 kMl 


/T7      /T7      /T7     /TT 


Fig.  1.  Complete  schematic  for  the  3  faie  superhet  receiver. 


Here's  a  3-tiibe  package  of  electronic  dyna- 
mite that  carries  as  big  a  wallop  as  many 
short-wave  receivers  costing  three  times  as 
much.  It  is  simple  enough  for  a  beginner  to 
construct,  perfoims  well  enough  to  please  an 
old  timer,  uses  readily  available  parts 
througbotit,  and  cost  less  than  fifty  dollars  to 
build— and  even  this  amoimt  can  be  reduced 
by  half  if  you  cannibalize  an  old  broadcast 
set  for  some  of  the  parts! 

True  this  receiver  doesn't  have  all  the 
fancy  bandswitching  found  in  hirger,  more 
expensive  sets,  but  it  does  have  all  necessary 
circuitry  for  code  and  single  sideband  recep- 
tion—plus plenty  of  gain,  and  loudspeaker 
output.  Its  very  simplicity  is  one  of  its  sali- 
ent features.  For  liere  is  a  receiver  which 
can  be  modified,  added  to  on  the  front  end, 


its  coils  and  tuned  circuits  changed  and  ex- 
perimented with;  all  resulting  in  a  lot  of  fun 
and  self-satisfaction,  while  at  the  same  time 
giving  its  builder  valuable  experience  and 
confidence  witliout  pressing  too  hard  on  his 
pocketbook. 

Experience  gained  from  building  this  re- 
ceiver will  allow^  the  ham  to  work  on  his  own 
communications  receiver  without  "fear  of 
messing  up  a  piece  of  expensive  equip- 
ment," as  is  so  often  heard*  You  may  want 
to  make  an  improved  or  modified  version,  but 
a  note  here;  The  receiver,  exactly  as  shown, 
will  give  a  good  account  of  itself,  and  is  a 
project  well  worth  undertaking. 

The  "dynamiter"  employs  plug-in  coils  and 
one-dial  tuning  to  cover  the  80  and  40-meter 
amateur  radio  bands.  And  with  a  little  ex- 
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perimeiiting  (and  some  sacrifice  in  perform- 
ance), coils  for  the  20-meter,  15-meter,  and 
10-meter  bands  can  conceivably  be  wound. 

About  the  circuit 

Essentially,  the  "dynamiter"  is  a  2-stage 
Kuperhet  using  three  dual-purpose  tubes  to 
deliver  6-tiibe  performance.  (See  Fig*  1.) 
It  employs  a  converter,  an  if  amplifier,  a 
product  detector,  a  beat  frequency  oscillator, 
and  two  stages  of  audio  amplification. 

Signals  from  the  antenna  are  fed  to  the 
mixer,  the  pentode  section  of  VI  (6U8), 
through  coil  LI  and  coil  L2,  which  are  tuned 
by  the  dual-section  broadcast  capacitor  CL 
This  adds  selectivity  and  the  capacitor  is 
large  enough  to  all  two-band  coverage  with- 
out changing  coils  LI  or  L2,  simply  by  re- 
tuning. 

The  triode  section  of  VI  serves  as  the  local 
oscillator.  The  oscillator  coil  L3  is  tuned  455 
kHz  below  the  incoming  signal  with  padding 
capacitor  04,  mounted  inside  the  coilfonn. 
Main  tuning  (of  the  local  oscillator)  is  by  the 
large  vernier  dial  centered  on  the  front  panel, 
and  which  is  attached  to  the  small  band- 
spread  variable  capacitor  C3, 

After  the  signal  is  hetrodyned  to  455  kHz 
in  the  mixer,  it  is  fed  to  the  pentode  section 
of  V2  (6U8),  which  functions  as  an  if  am- 
plifier. The  amplified  signal  is  then  applied 
to  the  product  detector  formed  of  the  two 
IN67  diodes  D3  and  D4,  The  triode  section 
of  V2  serves  as  a  Beat  Frec|uency  Oscillator, 


and  a  signal  from  this  oscillator  is  capacity 
coupled  tlirough  CIS  to  the  product  detector 
for  carrier  re-insertion  of  sideband  signal  or 
to  produce  a  beat  note  with  CW  signals,  AM 
signals  may  be  received  by  tmiing  them  in 
and  zero-beating  the  bfo.  The  detected  signal 
is  amplified  by  V3  (6CX8)  to  a  level  suf- 
ficient to  drive  the  loudspeaker,  the  triode 
section  of  V3  serving  as  the  first  audio  ampli- 
fier and  the  pentode  section  as  the  second. 

Full-wave  rectified  B+  is  furnished  by  the 
power  supply,  comprised  of  power  trans- 
former T5,  t^vo  (IN1492)  silicone  diodes  Dl 
and  D2,  the  smoothing  choke  L4,  and  filter 
capacitors  C24  and  C25, 

Construction 

The  receiver  is  assembled  on  a  7  x  12  x  3 
inch  aluminum  chassis,  (Fig.  2.)  The  speaker 
and  operating  controls  are  mounted  on  a 
front  panel  7}i  inches  high  and  12  inches 
wide,  cut  from  scrap  aluminum  sheetmetaL 
The  case  is  also  fashioned  from  scrap  alu- 
minum sheetmetaL 

Mounting  dimensions,  coil  and  tube  hole 
sizes  are  shown  in  Fig.  2.  And  while  these 
wiU  vaiy  witli  individual  constiuction  (de- 
pending upon  the  size  of  the  speaker,  output 
transformer,  and  power  transformer  used), 
adhering  to  the  general  layout  shown  will 
result  in  over-all  symmetry,  making  for  a 
neat  job.  Drill  sizes  are  not  given,  as  these 
also  will  vary-  All  screws  that  protrude  tlie 
front  panel  are  countersunk. 

The  bandspread  tuning  capacitor  C4  and 
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Parts  layout  for  the  Dynamiter 
receiver.  ^^ 
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the  dial  assembly  should  be  mounted  first. 
The  capacitor  is  centered  on  the  chassis^  and 
the  dial  aligned  on  the  front  panel  to  match 
the  capacitor  shaft.  (The  front  panel  may  be 
attached  temporarily  to  the  chassis  with  four 
#6  countersunk  screws  placed  }i  inch  from 
each  chassis  corner^   After  the  main  tuning 


capacitor  and  dial  are  mounted,  mount 
power  transformer  T5.  Order  of  mounting  is 
important  because  the  rest  of  the  layout 
hinges  around  these  components. 

This  accomplished,  mount  the  speaker,  the 
output  transformer,  and  bfo  coil  next,  as  the 
size  of  the  speaker  and  output  transformer 
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may  vary.  You  may  then  juggle  the  remain- 
ing components  to  be  mounted  on  the  top- 
side of  the  chassis  as  desired;  maintaining  as 
closely  as  possible  the  symmetrical  layout 
shown. 

Coll  Data 

Coilforms  are  IJJ-inch  diameter  polystyrene 
5-pin  plug-in  (Amphenol  24-5P),  Coils  LI  A, 
LIB,  and  L2  are  cut  from  B&W  3016  Mini- 
ductor  and  fitted  down  inside  coilforms.  Coil 
LI  A  is  8  turns  and  coil  LIB  and  L2  are  19 
tui'ns.  Count  off  30K  turns,  clip  at  9  turns^ 
and  use  H  turn  for  leads,  leaving  LIA  and 
LIB  on  same  piece  of  stock  and  separated 
by  1  turn.  Coil  L3  is  wound  wdth  #26 
enamel  wire.  All  coil  windings  are  in  the 
same  diiection.  For  80-meter  reception^  coil 
L3A  is  12  turns  close  wound*  Coil  L3B 
(separated  from  L3A  by  %  inch)  is  30  turns 
close  wound,  then  4  turns  space  wound  over 
%  inch,  then  5  turns  close  wound,  tapped 
at  32]i  turns,  C3  is  75  pF,  For  40-meter 
reception,  coil  L3A  is  10  turns  close  wound. 
Coil  L3B  (separated  from  L3A  by  %  inch) 
is  7  turns  close  wound,  then  17  turns  spaced 
over  1  inch,  tapped  at  10  turns.  C3  is  50  pF; 

The  shield  separating  the  coils,  and  the 
shield  around  the  bfo  tuning  capacitor  (also 
cut  from  Yin  inch  thick  aluminum  scrap  and 
mounted  with  spade  lugs)  are  a  must.  They 
pe]Tnit  required  electrical  separation  of  the 
circuits* 

The  remaining  construction  is  not  too 
critical.  However^  liberal  use  of  terminal 
strips  for  mounting  of  the  components  under- 
neath the  chassis  is  recommended.  So  is  the 
use  of  fairly  stiff  (#20)  hook-up  wire*  These 
help  prevent  the  receiver  from  becoming 
mircophonic.  All  wiring  except  powder  supply 
wdring  should,  as  much  as  possible,  be  point- 
to-point,  and  leads  kept  short. 

After  the  receiver  is  completed  and  play- 
ing, the  front  panel  may  be  masked  off,  spray 
painted,  and  dressed  up  with  decals  or  trans- 
fer lettering.  The  enclosure  (if  one  is  used) 
may  be  removed  and  painted.  And  the  dial, 
once  calibrated,  also  may  be  marked  with 
transfer  numbers. 

Adjustment 

Although  it  is  possible  to  align  the  receiver 
without  the  use  of  an  rf  signal  generator,  it 
is  a  job  for  an  experienced  serviceman  or  an 
old  timer,  and  takes  some  time  and  doing.  So 
if  >ou  don't  owTt  such   an  instrument,  beg. 


Top  view  showing  parts  layout 

badger,  or  bkickmail  a  friend  into  the  loan 
of  one.  The  job  without  it  is  almost  a  hope- 
less chore* 

Start  adjustment  by  setting  the  generator 
to  deliver  an  audio  signal  Connect  the  "hot'* 
lead  of  the  generator  to  the  end  of  E13 
(68K)  that  feeds  the  audio.  Advancing  tlie 
\olume  control  should  produce  a  loud  signal 
through  the  speaker. 

Next,  place  the  bfo  switch  to  OFF,  feed 
a  455  kHz  modulated  signal  to  the  grid  (pin 
2)  of  V2.  Tune  //  transformer  T2  slugs  for 
the  loudest  signal.  //  transformer  Tl  is  tuned 
by  removing  oscillator  coil  L3,  and  coupling 
generator  lead  (thru  a  blocking  capacitor) 
to  the  plate  (pin  6)  of  VL  (Caution:  B+ 
voltage  is  present  at  pin  6  of  VI,)  It  will  be 
necessary  to  adjust  rf  gain  pot  R7  for  opti- 
mum results. 

To  adjust  the  BFO  coil  T3,  leave  the  gen- 
erator connected  to  pin  6  of  VI •  Set  generat- 
or to  an  unmodulated  output  and  the  bfo 
tuning  capacitor  C13  half  meshed.  Adjust  bfo 
coil  slug  for  zero  beat*  (Zero  beat  is  deter- 
mined by  finding  the  *  Valley"  of  two  loud 
whistles  just  each  side  of  455  kHz.) 

To  tune  the  front  end,  set  the  generator 
for  3,8  MHz  modulated  output  Connect 
generator  leads  to  antenna  terminals  Jl  and 
plug  in  the  80-meter  coil  L3,  Set  handset 
capacitor  CI  to  about  three-fourths  (approxi- 
mately number  8  on  the  knob).  Set  band- 
spread  capacitor  C4  to  full  mesh  and  ad- 
vance volume  to  full  gain.  Turn  up  the  rf 
gain  to  about  tluee-fourths  maximum  and 
tune  capacitor  C3  (inside  coil  L3)  for  maxi- 
imum  signal  output.  It  may  be  necessary  to 
re-louch  the  slugs  at  transfomiers  Tl  and 
T2),  The  oscillator  coil  for  40-meter  oper- 
ation may  be  tuned  in  the  same  manner. 
Once  an  oscillator  coil  has  been  set,  it  may 
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PARTS  LIST 

ClAj   010—365   pF,  deal  variable  capacitor 

C2,  CS,   CT— O.OOl  aF.   600-volt  ceramic  disc  capacitor 

C4 — ^5-20   pF   variable  capacitor   (Hammarlund   MC-20-S 

or  equivaknt 
03— Midget   *'APC"   variable   capacitor   (S^ee  Fig,   4) 
C6p   CI 4— 270  pF,  400-volt   mica   capacitor 
CS,  C9,   Cl2 — 0.05   fiF^   600-volt  ceramic  capacitor 
ClO, — O.l,  2 00 -volt  ceramic  disc  capacitor 
Cll,  C23 — 0,02  mF,  400-volt  ceramic  disc  capacitor 
CIS— 35  pF  midget  "AFC"  variable  capacitor 
Cli — 30  pFg   4 00- volt  mica  capacitor 
CIS,  CIT — 500  pF^   150- volt  ceramic  disc  capacitor 
CIS— 0,004/tF,   200>volt  ceramic  disc   capacitor 
Clip  C20 — 0*01/tF  400-volt  ceramic  disc  capacitor 
C21 — IMfiF,  200- volt  paper  capacitor 
C22^ — 0,005^1   400-volt  ceramic   disc  capacitor 
C24,   C25,  C26~20alFD,  450-volt  electrolytic  capacitor 
Dl,  D2— 1N1492  diode 
D3,  D4--IN67  diode 
PI — 2-ampere  fuse   (and  fuse  holderj 
Jl^Antenna  terminal 

LI — Antenna  Coil,  B  &  W  3016  Miniductor  coil 
L2— B  &   W   3016  Miniduetor  coil 
L3— Oscillator  coil    (See  Fig,  4> 
Rl — 47-ohm.    Vif-watt   resistor 
R2,   R2I— 47*000-ohm,   VS^watt   resistor 
R3 — L2K   ohm*  14 -watt  resistor 
R4,  R20— 150.000-ohm,   1/2 -watt  resistor 
R5— 100,000-ohm,   %-watt   resistor 
R6,  R19— 300-ohm,   V^-watt  resistor 
R7 — 10,000-ohm.  2-watt  potentiometer*  linear  taper 
R8,   R13— 68p000-ohm,    i^^-watt   resistor 
R9,  RIO— 82,000-ohm.   y^-watt  resistor 
Rll— 1800-ohm,   %-watt  resistor 
R12— 120,000-ohm,   Vii-watt  resistor 
Rl4 — 20,000'ohm,   2-watt   resistor 
RIS — 500^000-ohm  potentiometer  audio  taper 
R16 — lOOO-ohm,    i^-watt  resifitor 
R17— 260,000-ohmr  %-watt  resistor 
R18— 470p000-ohm,   i/,-watt  resistor 
R22'— IK  IW  resistor 

RFC— 10  millihenry,  50  mA,   radio  frequency  choke 
SI — S.p.s.t  switch  (on  R15) 
S2 — S.p.d.t,   miniature  toggle  switch 
Tl— 455      kHz      intermediate      frequency      transformer 

(J.   W.  Miller  120-30  or  equivalent) 
L4*— 8-Henry,   50    mA   filter  choke    (Stancor   CI 700    or 

equivalent) 
T2— 45B  kHz  intermediate  frequency  transformer  {J.  W. 

Miller   12C-31   or  equivalent) 
T3 — 465     kHz     beat     frequency     oscillator     transformer 

{J*   W.    Miller   1727   or  equivalent) 
T4 — Output   transformer;    primary   7000   ohms;   second* 

ary*   4   ohms    (Stancor   A3878   or   equivalent) 
TS— Power   transformer,    800   VCT    (g    90    mA    and   6,3 

volts  <g  3.5  amperes  (Stancor  PM  8423  or  equivalent) 
Vlp  V2-^eU8  tube 
V3--€CX8  tube 
Spkr— 3",  3,2-ohm  speaker 
Cha«si»— 7"  x  12"  x  3"  aluminum 
Coil     Form— 114**,     5-pin     (Amphenol    24-5P :     available 

from   Allied  Radio,   Chicag-o,  111, 
Misc. — Knoba,    a.c,    line   cord.    9-pin    tube   socket,    5-pin 

coil  flocket,  terminal  strips,  hook-up   wire,   hardware, 

1/16"  thick  aluminum  scrap,  etc. 

be  plugged  in  and  out  of  the  circuit  without 
re-setting. 

Operation 

Connect  a  good  antenna  system  (aerial 
and  ground  both)  to  antenna  terminal  Jl^ 
and  turn  the  receiver  on.  Set  the  rf  gain  con- 
trol all  tlie  way  up.  Advance  volume  con- 
trol until  a  loud  oscillation  or  noise  is  heard. 
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Then  back  off  on  the  rf  gain  to  Just  below 
the  point  of  oscillation.  Manipulate  the  band- 
^read  timing  dial  The  stations  should  come 
booming  in!  If  the  station  being  received  is 
a  CW  or  an  SSB  station,  adjust  bfo  tuning 
knob  for  best  results. 

Perhaps  it  should  be  pointed  out  here  that 
this  receiver  is  not  the  ultimate  in  selectivity 
like  the  numerous  expensive,  but  good,  re- 
ceivers found  on  today's  market.  The  "dyna- 
miter* was  not  designed  to  be  used  as  the 
sole  receiver  in  the  ham  shack.  However,  it 
can  and  will  do  creditable  standby  for  such 
a  purpose  in  case  of  an  emergency.  Also  re- 
member the  ham  hands  are  overly  crowded 
these  days. 

But  with  a  little  practice  and  experience, 
you  vvill  soon  be  listening  to  the  ringing 
dit-duhs  of  CW,  or  to  the  hopeful  voice  of 
the  ham  calling,  "CQ,  DX!  CQ,  DX!/'  on 
your  3-tube  package  of  electronic  dynamite, 
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The  MO  *  Receiver 


In+roduction 

Throiigh  the  years  since  becoming  inter- 
ested in  racliOj  the  author  has  built  and 
modified  many  communications  receivers; 
all  the  way  from  crystal  sets  to  multi-tubers- 
(no  transistors).  The  purpose  of  each  new 
receiver  project  was,  of  course,  to  incorpor- 
ate new  teclmiques  and  ideas  in  an  effort  to 
improve  reception.  Many  articles  and  dis- 
cussions have  been  presented  in  the  amateur 
jomnals  covering  a  multitude  of  improve- 
ments to  old  receivers^  construction  of  new 
receivers  and  some  suggested  ideas  requir- 
ing further  development.  This  article  de- 
scribes a  receiver  design  based  on  the  em- 
ployment of  a  portion  of  a  surplus  airborne 
communications  receiver* 

*  Midnight  Oil 


Walt  Clehnd  KSWYG 
1202  Holly  Drive 
Richardson^  Texas 

This  is  not  a  step  by  step  "nut  and  bolt" 
type  article;  but  rather,  a  description  of  a 
receiver  that  was  constructed  from  junk  parts 
from  old  equipments. 

It  was  prepared  in  the  hope  that  it  might 
encourage  others  to  attempt  more  home 
construction  projects.  It  ob\1ously  refjuires 
access  to  some  machinery,  test  equipment 
and  not  just  a  httle  time.  The  satisfaction 
of  building  and  enjoying  homebrew  equip- 
ment far  outweighs  that  of  being  an  appli- 
ance operator   (in  the  autliors  opinion)* 

Following  are  the  features  which  were 
considered  desirable  to  be  included  in  the 
receiver: 
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1.  Continuous  coverage  from  2  MHz  to  30 
MHz  with  crystal  controlled  converters 
for  6  and  2  meters. 

2.  One  kHz  calibration  accuracy  through- 
out the  2-30  MHz  range  of  the  receiver 
(when  calibrated  at  closest  100  kHz 
point) 

3.  Stabihty-for  good  SSB  reception. 

4.  Several  degrees   of  if  selectivity, 

5.  Band  pass  tuning. 

6.  RF  or  Audio  operated  avc, 

7.  Tunable   (across  if)  notch  filter. 

8.  Antenna  input  T  pads    (0-40db), 

9.  Good  front  end  design  to  minimise 
cross  modulation  and  result  in  reason- 
able sensitivity, 

10.  Separate  rf,  if,  and  audio  gain  controls, 

11.  Other  routine  features  such  as  S 
meter,  ANL,  Audio  lovt^  pass  filter,  AM 
and  SSB  detectors,  4  and  60 On  audio 
output,  etc. 

AAR-15 

The  AAR*15  is  an  airborne  tunable  HF 
communication  receiver  v^ith  provision  for 
remotely  controlling  a  given  number  of  pre- 


set frequencies.  It  covers  the  frequency  range 
of  1.5  to  18.5  MHz  in  six  bands  as  follows: 
1.5^2.5,  2.5-3.5,  3.5-5.5,  5.5-8.5,  8.5-12.5 
and  12.5-18.5.  The  if  is  centered  on  500  kHz 
and  is  tunable  from  40  kHz  to  550  kHz. 
Both,  the  first  mixer  injection  frequency 
oscillator  and  the  if  tunable  bfo  oscillator  are 
of  the  Collins  PTO  type.  The  receiver  uses 
a  12SG7  rf,  a  12SG7  mixer,  and  a  12SG7 
tuned  multiplier  to  multiply  the  PTO  basic 
frequency  of  2  to  3  MHz  up  to  the  desired 
injection  frequency  for  the  various  bands. 
It  is  only  the  rf,  mixer,  PTO  and  PTO  multi- 
plier that  are  of  interest  to  this  project.  The 
rf,  mixer,  PTO  and  PTO  multiplier  tuned 
circuits  are  all  mechanically  ganged  to- 
gether through  gears  and  shafts  which  drive 
the  slug  rack  to  tune  the  coils  of  the  varioys 
circuits. 

The  front  end  of  the  receiver  was  checked 
for  ti\^cking,  calibration  and  sensitivity  be- 
fore it  was  decided  that  it  would  merit  be- 
coming the  basis  for  building  the  receiver. 
The  AAR-15  used  on  this  project  had  been 
junked  out  as  it  had  seen  much  ''mainte- 
nance" and  modifications— fortunately  the 
front  end  was  in  fairly  good  condition. 
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Circuits 

Fig.  1  is  the  block  diagram  of  the  receiver. 
Fig*  2  shows  the  complete  schematic  with 
the  rf,  mixer  and  multipHer  circuits.  The 
only  uncommon  circuit  is  the  band  pass  tun- 
ing arrangement-  This  idea  was  described 
in  one  of  the  amateur  journals  some  years 
ago. 

Antenna  input  is  selected  by  a  wafer 
switch.  A  0-6-10-20-40  db  50  ohm  T  pad, 
is  in  the  antenna  circuit  to  provide  attenua- 
tion to  help  reduce  cross  modulation  when 
strong  local  signals  are  encountered.  The 
ganged  wafer  switch  selects  the  desired  con- 
verter or  connects  the  antenna  directly  to 
the  1.5-18,5  MHz  bcisic  receiver. 

The  basic  1.5-18.5  MHz  receiver  covers 
the    frequencies    in    the   following   manner: 

PTO  Mixer 

Band      Recvd  Freq.       Freq-  Inj.  Freq, 


A 

B 
C 
D 
E 
F 


1,5-  2,5 

ij*0"    ilJ*l5 

5*5-  8*5 

8.5-12.3 

12.5-18.5 


2-3 
2-3 

2-3(x2) 
2-3(x3) 
2-3(x4- 
2-3(x6- 


2-3 

4-6 
6-9 
8-12 
12.18 


Tlie  basic  frequency  range  is  extended 
to  30  MHz  by  a  converter  in  the  following 
manner: 


Recvd  Freq*     Recvr  Band 


18,5-22.5 
22-5-28,5 
28.5-30,0 


E(8.5-12.5) 

FU2.548.5) 
E(a5-10.0) 


Conv 

osc 

Freq. 

10 
10 

10(x2) 


Inj. 
Freq. 

10 
10 
20 


This  arrangement  provides  for  having  the 
dial  indicating  the  correct  frequency  after 
mentally  adding  the  10  or  20  MHz  as  re- 
quired. The  converter  preselector  tunes 
rather  sharply  and  must  be  peaked  at  the 
selected  frequency. 

Output  from  the  1.5*18,5  MHz  section  is 
amplified  at  500  kHz  and  fed  to  tlie  band 
pass  tuning  section.  The  500  kHz  signal  is 
converted  to  455  kHz  by  a  PTO  tunable 
952  to  958  kHz;  with  the  same  PTO  fre- 
quency converting  the  455  kHz  signal  back 
to  the  original  500  kHz  frequency-o/ter  the 
if  signal  has  been  processed  through  the 
mechanical  filters.  Any  one  of  several  band- 
widths  may  be  selected  or  the  band  pass 
tuning  and  filters  may  be  by-passed  entirely 
for  broadband  AM  type  reception. 


The  signal  from  the  band  pass  tuning 
circiiit  is  then  amplified  again  at  500  kHz 
and  fed  to  a  conventional  AM  diode  detector 
and  a  SSB  product  defector.  A  crystal  os- 
cillator is  employed  for  the  bfo  injection 
frequency  to  the  product  detector.  AM  and 
SSB  Audio  may  be  processed  through  a  3  kHz 
k>vv  pass  filter  if  desired*  Audio  from  the 
product  detector  is  amphfied  and  rectified 
by  a  diode  and  then  filtered  to  pro%ide  the 
audio  operated  avc  voltage.  4  and  600  ohm 
audio  outputs  are  provided  by  the  output 
transformer, 

A  separate  rf  gain  control  was  provided 
for  the  converters.  The  //  stages  were  also 
provided  with  a  separate  gain  control 

The  AVC  voltage  is  applied  to  the  rf  stage 
(both  basic  and  in  the  converters)  and  to 
the  500  kHz  ifs. 

The  power  supply  is  conventional  with  soHd 
state  rectifiers  and  plenty  of  filter.  Provision 
was  made  for  being  able  to  keep  the  oscilla- 
tor filaments  on  separate  from  the  other  fila- 
ments if  desired* 


Construction 

The  first  major  step  in  the  construction 
of  the  receiver  was  to  amputate  the  desired 
section  of  the  ARR-15  from  the  rest  of  the 
machine.  All  of  the  autotune  drive  mechan- 
ism, dials,  front  panel  tubes,  etc.  were  first 
removed,  A  liack  saw  was  then  used  to  saw 
tlie  cast  aluminum  base  in  two;  leaving  tlie 
rf,  mixer,  multiplier  and  PTO  intact  with 
their  slug  rack  tuning  mechanism  still 
coupled  to  the  PTO  tuning  shaft. 

A  new  aluminum  chassis  was  selected  on 
which  to  mount  tlie  new  if,  audio,  and  power 
supply.  The  front  panel  is  a  nominal  8S 
inches  high  by  19  inches  wide  standard  rack 
size  panel. 

The  second  major  step  w^as  the  design 
and  construction  of  two  new  dials  aiid  a  new 
gear  train  mechanism  to  drive  the  new  dials. 
See  Fig,  3  for  a  sketch  of  the  new  gear 
train.  The  original  MHz  dial  coupled  to  the 
PTO  shaft  was  retained  and  provides  the 
MHz  indication.  The  two  new  dials  provide 
1  kHz  readout  on  all  bands  with  the  second 
dial  (F)  being  added  in  order  to  provide 
larger  calibration  divisions  on  Band  F  where 
the  PTO  frequency  is  multiplied  six  times. 
Thus,  one  dial  is  read  on  Bands  A,  B,  C, 
D,  and  E:  and  the  other  dial  on  Band  F 
only. 
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TO  ORKSJ^u^L 

BAND  CHANGE 

SHAFT 


TO 
PTO  S*1AfT 


MAHWe  r— " 
PUITE  ^ 


FROWT    6_ 

BEAftlNfi    I 
PLATE 


4it 

31  T 


[^  'f .V.  r* 


NOTE  3 
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IaL 


Tzr 


BAND  'f'  IHi 
DEAL  (4'  DIAI 


NOT 
USED 


SAND 
CHANGE 


MAIN 
TUNING 


UACKSON  6R0S 
PLANETARY  DflflVE 
(6:  I) 


TOP    VIEW 


notes: 

i,  SHAFT    thrust  COLLARS   NOT  SHOWN 
2*   BEARING    PLATE    SPACERS   NOT  SHOWN 

3.  ORtGlNAU   MHi  CKAL  ft  BAND    INDICATOR 
MOUNTED   ON   FRONT   B&ARING   PLATE 
ft  IS   MOT   SKOWN 

4.  REAR   PLATE    MOUNTED  TO  ARR-IS   CASTtfia 

9,    ^  -  BALL   BEARING 
O    ■  04LJTE    BEARING 
SL  -  SPRING   LOADED 


BANDS  "A,B.C,D,E* 
kHl  DIAL  (a  J/2    DJA) 


Gear  train 

and  drive 
dial  assembly. 


b 


The  gear  train  was  built  up  using  two 
Js  inch  aluminum  plates  between  which  all 
of  the  gears  and  couplings  were  mounted* 
Spring  loaded  gears  were  used  where  needed 
wliich  resulted  in  no  backlash.  Practically  all 
gearing  shafts  run  in  ball  bearings*  A  Jack- 
son Bros,  planetary  drive  was  employed  be- 
tween the  gear  train  and  the  main  tmiing 
knob  for  additional  gearing  reduction  and 
smoothness  of  tmiing.  The  gear  train  and 
dial  assembly  attaches  to  the  front  of  the 
ARR-15  aluminum  casting  at  four  places  and 
is  in  no  way  attached  to  the  front  paneL 
Fiducial  markers  are  installed  on  each  of  the 
two  new  dials  to  pennit  accurate  frequency 
cahbration  on  any  band. 

The  band  pass  circuitry,  except  for  the 
70E-3  PTO,  is  all  mounted  in  a  separate 
shielded  compartment  beneatli  the  new  chas- 
is  wdth  all  leads  entering  the  compartment 
through  feedthru  capacitors  with  the  excep- 
tion of  the  rf  leads  which  are  of  coax.  The 
70E-3  PTO  frequency  range  was  raised  from 
the  original  nominal  of  500  kHz  to  a  nominal 
955  kHz  by  replacing  the  1700  pF  (N50) 
capacitor  with  a  360  pF  silver  mica.  The 
955  kHz  single  pi  section  tank  is  mounted  in 
a  small  aluminum  box  on  top  of  the  PTO 
with  coax  cairying  the  PTO  signal  to  the 
bandpass  tuning  mixers,  A  Jackson  Bros, 
planetary  drive  is  employed  between  the 
PTO  shaft  and  the  bandpass  tuning  knob. 

The  product  detector  and  the  crystal  os- 
cillator bfo  are  mounted  in  an  aluminum 
if  can  with  all  leads  entering  thru  feedthru 
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capacitors  except  the  rf  lead  from  the  last 
if  transformer. 

The  18,5-30,  50^54  and  144-148  MHz  con- 
verters are  mounted  on  a  single  enclosed 
chassis  which  mounts  upright  to  the  right 
hand  side  of  the  main  chassis.  All  leads 
enter  thru  feedthru  capacitors.  Only  the 
18.5-30  MHz  converter  has  been  completed. 
All  of  the  50-54  and  144-148  MHz  compon- 
ents have  been  mounted.  These  two  con- 
verters  will  employ  6CW4  tubes  in  circuits 
borrowed  from  the  ARRL  Handbook  and 
will  be  crystal  controlled. 

The  rf  mixer  and  multiplier  stages  were 
completely  rewired  (external  of  the  coil 
boxes)  with  disc  ceramics  being  used  for 
the  bypass  capacitors.  The  original  12SG7s 
and  12SJ7s  were  replaced  with  the  sLx  volt 
equivalents. 

The  500  kHz  if  transformers  are  nominal 
455  kHz  transformers  that  were  capable  of 
being  tuned  to  500  kHz* 

The  original  "cut  and  try"  kHz  dials  are 
hand  lettered  on  bond  paper  and  cemented 
to  Js  inch  thick  pressed  wood  discs.  Final 
dials  will  be  made  by  photographing  an  ink 
lettered  vellum  and  then  cementing  the  neg- 
ative to  an  opaque  Plexiglas  disc;  thus  per- 
mitting back  lighting. 

Operation 

Operation  of  the  receiver  has  been  most 
satisfactory.  Stability  is  very  good  after  a 
moderate  warm  up  period.  Frequency  cali- 
brat  ion   is   well   within   one  kHz   when   the 
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Top  View 

fidocial  marker  is  set  to  zero  at  the  nearest 
100  kHz  point*  The  selectable  if  bandwidth/ 
band  pass  tuning  feature  is  most  rewarding 
when  tuning  SSB  on  die  crowded  ainiiteur 
bands.  Antenna  sensitivity  in  the  SSB  mode 
(for  10  db  S/N)  is  better  than  -  fiv  from 
1,5  to  30  MHz  with  tlie  average  being  in 
order  of  .3  ^v  when  measured  with  a  GR  No, 
1000-P2  series  pad  and  a  3  db  pad  at  the 
receiver  input  terminal).  Both  the  rf  and  au- 
dio operated  avc  circuits  permit  an  audio 
output  increase  of  6-7  db  when  the  input 
signal  is  increased  from  5  mv  to  100  K 
MV.  The  audio  operated  avc  appears  to  be 
more  desirable  when  receiving  in  the  SSB 
mode.  Although  the  Q  multipher  notch  filter 
is  effective  in  reducing  carrier  interference, 
some  other  type  of  txmable  notch  filter  would 
probably  produce  better  results. 

Since  considerable  eflFort  was  spent  in 
parts  layout,  shielding,  by-passing  and  filter- 
ing, few  "birdies"  have  been  found.  The 
only  one  encountered  of  any  consequence  is 
the  second  harmonic  of  the  18.5-30,0  MHz 
converter  crvstal  at  20  MHz.  The  three  sec- 
tion,  50  ohm,  IS  MHz  cutoff  liigh  pass  filter 
at  the  input  to  the  converter  practically 
eliminates  the  frequencies  below  18,5  MHz 
from  *Viding  through"  the  converter.  When 
a  10  M  antenna  is  comiected  to  the  coiwerter, 
no  low  frequency  signals  liave  been  heard  in 
the  10  M  band.  Installing  the  single  pi  sec- 
tion ri^t  at  the  output  of  tiie  band  pass 
tuning  70E-3  PTO  eliminated  several  spu- 
rious signals  in  the  lower  frequency  bands. 
Care  must  be  taken  to  prevent  the  500  kHz 
bfo  signal  from  getting  into  the  front  end 
of  the  if. 


The  tuning  meter  is  plainly  a  tuning  indi- 
cation and  useful  only  in  giving  comparative 
signal  reports.  It  is  not  calibrated  in  db  over 
too,  if  you  would  like  a  receiver  with  all  of 
with  an  input  of  100  K  /^v  at  14  MHz. 
With  the  avc  characteristics  being  what  they 
ai'e,  a  signal  level  of  several  mv  will  give 
a  useful  indication  on  the  meter;  depending 
of  course,  on  the  ambient  noise  leveL 

The  band  change  control  rotates  a  mask 
in  the  MHz  dial  window.  This  mask  indi- 
cates the  band  selected  ie^  BAND  C>  3.5-5.5 
MHz  and  exposes  the  portion  of  the  MHz 
dial  which  is  caHbrated  in  MHz.  To  deter- 
mine tbe  frequency  to  which  the  receiver  is 
tuned,  merely  read  tlie  MHz  dial  and  add 
to  it  the  indication  presenited  by  the  appropi- 
ately  cafibrated  portion  of  the  kHz  dial; 
thus  providing  the  tens  and  hundreds  kHz 
of  the  whole  frequency  number.  When  the 
18.5-30  MHz  converter  is  in  use,  the  number 
10  or  20  is  added  to  the  kHz  and  MHz 
dial  indications. 

Since  the  rf^  mixer^  PTO  and  PTO  multi- 
plier are  all  ganged  together,  only  the  single 
tuing  control  is  required  in  the  1.5-18.5 
MHz  range.  W^en  the  converter  is  in  use, 
the  converter  rf  txining  control  (preselector) 
must  be  peaked  to  the  selected  frecjiiency* 


Front  View 

Conclusion 

Although  the  construction  of  a  receiver 
such  as  described  herein,  does  require  some 
cash,  a  large  junk  box  and  a  considerable 
amount  of  time,  it  is  most  rewarding.  And 
too,  if  you  would  like  a  receiver  with  all  of 
the  characteristics  and  features  in  the  re- 
ceiver described— where  would  vou  obtain 
it?  If  you  could  find  one,  you  would  most 
likely  have  to  re-mortgage  the  homestead 
and  car  and  leave  two  of  the  kids  as  security 
to  finance  tlie  purchase.  .  *  ,  KSWYG 
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SWAN  410C 
FULL  COVERAGE 
EXTERNAL  VFO 

The  Model  410C  Frequency  Control 
Unit  is  designed  for  full  coverage 
€f  8a  40,  20,  15  and  10  meters.  It 
is  intended  for  fixed  station  opera- 
tion and  plugs  directly  into  Model 
500C.  It  may  also  be  used  with 
Model  350C.  Eight  ranges,  500  kc 
each,  5  kc  calibration, 

$115 
DUAL  VFO  ADAPTOR 

Provides  for  the  addition  of  second 
^FO  for  separate  control  of  trans- 
nit  and  receive  frequencies.  Plugs 
jirectly  into  Model  500C  and  may 
also  be  used  with  Model  350C  and 
)ther  Swan  ttansceivers* 

ODEL  22 


ARS  OSCILLATOR 

ive  crystal  controlled  channels 
nth  vernier  frequency  control, 
lugs  directly  into  Model  500C  and 
[lay  also  be  used  with  Model  350C 
ind  other  Swan  transceivers. 

VIODEL  405X 
less  crystals)  .  . 


Be  sure  to  visit 
your  Swan  deaier  soon. 


SWAN  500C 

SSB-AM-CW 

TRANSCEIVER 

Five  band,  520  watts  for  home 
station,  mobife  and  portable 
operation. 

The  new  model  500C  is  the  latest 

evolutionary  development  of  a  basic 
well  proven  design  philosophy.  It 
offers  greater  power  and  additional 
features  for  even  more  operator  en- 
joyment. Using  a  pair  of  the  new 
heavy  duty  RCA  6LQ6  tetrodes,  the 
final  amplifier  operates  with  in- 
creased  efficiency  and  power  output 
on  all  bands.  PEP  input  rating  of  the 
500C  is  conservatively  520  watts. 
Actually  an  average  pair  of  6LQ6's 
reach  a  peak  input  of  over  570  watts 
before  flattopping! 

The  500C  retains  the  same  superior 
selectivity  for  which  Swan  trans- 
ceivers are  noted.  The  filter  is  made 
especially  for  us  by  C-F  Networks, 
and  with  a  shape  factor  of  1 J  and 
ultimate  rejection  of  more  than  100 
db,  it  is  the  finest  filter  being  of- 
fered in  any  transceiver  today. 

For  the  CW  operator  the  500C  in- 
cludes a  built-in  sidetone  monitor, 
and  by  installing  the  Swan  VOX  Ac- 
cessory (VX-2)  you  will  have  break  in 
CW  operation. 

Voice  quality,  performance  and  re- 
liability are  in  the  Swan  tradition  of 
being  second  to  none. 

$520 


SWAN  117X0 

MATCHING 

AC  POWER  SUPPLY 

Complete  kC.  supply  for  117  volts, 

50-60  cycles,  in  a  matching  cabinet 
with  speaker,  phone  jack,  and  indi- 
cator light  Includes  power  cable 
with  plug  for  transceiver,  and  AX. 
line  cord.  Ready  to  plug  in  and 
operate.  ^^^ 


^  $105 


SWAN  14-117 

12  VOLT  DC  SUPPLY 

Complete  DC,  supply  for  12  volt 
mobile  or  portable  operation.  In- 
cludes cables,  plugs,  and  fuses.  Will 
also  operate  from  117  volt  A,C.  by 
detaching  the  DX-  module  &  plugging 
in  117  volt  fine  cord.  Negative 
ground  standard.  Positive  ground 
available  on  special  order. 

$130 


ELECTRONICS 

OCEANSIDE,  CALIFORNIA 
A  Subsidiary  of  Cubic  Corp 


SWAN  SPEAKS  YOUR  LANGUAGE 

I 

ASK  THE  HAM  WHO  OWNS  ONE 


Project  Facsimile  Antarctic 


Ralph  Steinberg  K6GKX 

110  Argonne  Ave, 

Long  Beach,  Calif.  90803 


BULLETIN 


•       • 


.  Successful  transmission  of  the  first  fac- 


simile picture  by  the  Project  Facsimile  Group  ivas  made 
to  KC4USV^  Mc  Murdo  Station  in  the  Antarctic  on  June 
18th.  The  operations ^  a  morale  booster  for  the  Navy  person- 
nel^ have  completed  transmission  of  sixty  more  pictures 
since  then.  Project  Facsimile  Antarctic  ivill  continue  to 
transmit  More  pictures  each  week  through  to  October  15th^ 
on  20  meters. 


Project  Facsimile  Antarctic  results  may 
sound  easy  but  there  was  lots  of  work,  many 
hours  and  days  in  the  preparation  of  the 
project  before  the  first  successful  tranOTiis- 
sion  of  a  picture  was  received  at  McMurdo 
Station, 

It  all  began  when  your  author  was  writing 
the  article  "Operations  Deep  Freeze  ,  ,  , 
19574967"  (March  issue  of  73).  With  the 
successful  facsimile  operations  that  Paul 
Blum,  W2KCR  carried  on  with  little  Amer- 
ica in  1957,  the  idea  came  to  repeat  the 
operations  in  1968,  Contact  was  made  with 
KC4USV,  and  inquiry  was  made,  "would  the 
personnel  like  facsimile  pictures  of  their 
oved  ones  transmitted  to  them.  The  answer 
was  *Tes/* 

This  all  started  in  November  1967  and 
from  then  on  there  was  a  lot  of  planning 
to  do.  Project  Facsimile  Antarctic  was  organ- 
ized with  WB6EGH,  Ellis  Wampler,  Sr., 
WA6URW,  Earl  Darnell  and  your  author 
forming  the  group  to  work  on  the  project. 
The  next  order  of  business  was  to  locate 
the  facsimile  equipment  and  get  the  per- 
mission of  the  Federal  Communications  Com- 
mission to  transmit  facsimile  on  the  20  meter 
band. 

With  new  facsimile  equipment  not  avail- 
able, the  word  was  put  out  on  the  ham 
bands  that  certain  Times  Corp.  facsimile 
equipment  was  needed.  The  result  was  a 
surprise,  to  see  the  cooperation  from  ama- 
teurs and  non-amateurs  who  loaned  the  nec- 


essary equipment  for  our  project.  In  a  short 
time  the  equipment  was  installed  and  local 
tests  were  made  on  the  UHF  band  (420 
MHz)  to  be  sure  of  fault  free  operation.  The 
results  were  good  pictures  at  short  distances 
but  the  big  test  was  to  come  later  when  the 
pictures  were  to  travel  many  thousands  of 
miles  to  the  Antarctic. 

\\TiiIe  waiting  for  special  permit  from 
the  Federal  Communications  Commission, 
checks  were  made  by  WA6URW  with 
KC4USV  to  get  information  as  to  signal  qual- 
ity needed  to  tiaiismit  the  pictures.  Under 
favorable  band  conditions  WA6URW  had  no 
problems  reaching  KC4USV  with  sufficient 
signal  strength  for  facsimile  operations.  The 
equipment  at  WA6URW  is  a  Drake  T4X 
Transmitter,  Drake  R4B  Receiver,  Drake  L4 
Linear  and  a  Drake  MN-2000  Matching  Net- 
work, The  anterma  is  a  Mosley  TA-36  erected 
on  a  tower  54  feet  above  groimd. 

It  was  now  April  1968  and  more  work 
had  to  be  done*  Pictures  of  the  families 
of  the  men  at  McMurdo  had  to  be  received 
before  facsimile  operations  started*  At  this 
point,  the  Navy  Relief  Society^  at  the  Long 
Beach  Naval  Station  offered  aid  in  writing 
letters  to  the  Navymens  families  to  sent 
pictures  to  theii*  office  for  later  transmission 
by  the  Project  Facsimile  Antarctic  group. 
Pictures  arrived  from  all  parts  of  the  United 
States  and  one  from  Rota,  Cadiz^  Spain. 
Some  were  picti^ires  of  new  born  babies  and 
others  of  complete  families.  The  new  born 
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baby  pictures  were  some  the  Navy  fa  timers 
at   McMurdo   had   not  seen  before.   In  the 
early     pait     of     May,     Project     Facsimile 
Antarctic      received      special     authorization 
from  the  Federal  Communications  Commis- 
sion   for    WA6URW    to    transmit    facsimile 
pictures  for  morale  purposes  on  20  Meters. 
Everything  was  ready  to   go  on  the  opera- 
tions but  we  found  magnetic  storms  in  the 
Antarctic.  With  these  conditions  we  had  to 
JiIliv  oiu"  first  facsimile  transmission   for   a 
later  date.  These  magnetic  storms  last  from 
tliree  days  to  two  weeks  and  St^nie  frequently 
last    a   month.    When   band    coTiditions    did 
improve^  tests  were  made  with  KC4USV  on 
facsimile   but   the    first    picture    transmitted 
was   not   perfect,   due  to   fading.    However, 
tliis  first  test  proved  we  could  get  pictures 
to   McMurdo   when    conditions   were   favor- 
able. 

Band  conditions  again  in  the  early  part 
of  June  were  still  plagued  with  magnetic 
stomis  but  on  the  evening  of  June  19lh, 
the  fiist  successful  picture  w^as  transmitted 
and  received  at  Mc  Murdo  Station,  With  the 
first  taste  of  success,  six  more  pictures  were 
transmitted  during  the  week  June  22nd  to 
26tlh  Fortunately  all  of  tliese  were  received 
satisfactory,  and  all  of  the  Project  Facsimile 
Antarctic  group  were  tlniUed  about  tlie  re- 
sults  of  the   operation   thus   far* 

Further  plans  are  being  made  for  a  week- 


ly newspaper  (one  page)  giving  sports  news, 
sports  pictures  or  anything  \^hich  would  be 
interesting  to  the  men  at  Mc  Murdo,  A  local 
paper  is  w^orking  on  the  details  and  the 
Antarctic  eclition  should  be  ready  shortly. 
The  newspaper  is  to  be  called  "The  Mc 
Murdo  News/* 

For  those  who  are  not  acquainted  with 
amateur  radio  operations  at  McMurdo  Sta- 
tion, KC4USV  it  might  be  well  to  explain 
that  the  greater  part  of  the  operations  is 
phone  patching.  As  phone  patch  calls  are 
a  priority  for  the  personnel,  each  evening, 
there  is  a  limited  amount  of  time  for  both 
facsimile  and  phone  patch  operations.  Sched- 
ules are  arranged  with  McMurdo  Station 
for  transmissions  of  facsimile  each  week  to 
fit  their  joutine.  Although  the  phone  patch- 
ing is  done  on  the  Navy  MARS  frequency, 
facsimile  operations  can  be  going  on  at  the 
same  time  on  the  20  meter  band.  The  fac- 
simile signals  are  received  at  the  communi- 
cation center  at  McMurdo  Station  and 
the  amateur  radio  activities  are  all  from 
KC4USV. 

Project  Facsimile  Antarctic  has  accom- 
plished part  of  what  it  set  out  to  do,  and 
through  the  next  few  montlis  the  project  will 
have  completed  many  happy  hours  of  boost- 
ing the  morale  of  the  Navy  personnel  station- 
ed at  Mc  Murdo  Station.  .  .  .  K6GKX 
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-  with  a  MATERIAL  DIFFERENCE! 

Use,  is  one  of  the  most  dependabte 

testimonials  of  endorsement,  and  Telrex 

products  are  in  use  In  139  Lands 


r"Beained-Power"ANTENNAS,"BALUNS" 
I.  V.  KITS  and  ROTATOR  SYSTEMS! 


Most  Technically-Perfected,  Finest  Communication 
Arrays  in  the  World!  Precision-Tuned-Matched 
and  "Balun"  Fed  for  "Balanced-Pattern"  to  assure 
"TOP-MAN-ON-THE-FREQUENCY"  Results 


Enjoy  World  renown  TELREX  performance, 
value  and  durability!  Send  for  PL68  tech.  data 
and  pricing  catalog,  describing  professionally 
engineered  communication  antenna  sj^stems, 
rotator-seisj'n-indicator-s\'stems»  "Baluns">  I.V, 
Kits,  Towers,  "Mono-Pole'V  **Big-Berthas",  ac- 
cessories, etc.  etc. 

Communication 

Engineering 
f  ^2^^  £oborafor/e$ 

ASBURY  PARK,  NEW  JERSEY  07712,  U,S.A. 
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Donald  Lawshe  WlHVX 

216  Palis  Ave* 

Franklin  Lakes,  NJ.  07417 


A  High  Performance  Receiver 

for  Two  Meters 


Transistor  ciicuitry  has  much  to  offer  in 
the  construction  of  VHF  equipment,  especi- 
ally when  tr>ang  to  cram  the  highest  possible 
performance  level  into  the  smallest  possible 
space.  The  receiver  described  on  the  follow- 
ing pages  was  built  as  an  attempt  to  make 
a  compact  package  to  be  used  on  vacations 
and  portable  outings  such  as  Field  Day.  As 
the  construction  and  testing  proceeded,  it 
became  apparent  that  the  level  of  perform- 
ance of  the  receiver  was  going  to  be  at 
least  on  a  par  with  regular  station  equip- 
ment, and  perhaps  above  it.  The  finished 
unit  shows  a  noise  figure  of  3.5  db  measured 
on  a  Kay  noise  meter,  selectivity  sufficient 
to  separate  a  strong  local  station  from  a 
%veak  one  only  6  kHz  apart,  and  absolute 
freedom  from  drift  and  instability. 

The  circuit  uses  Motorola  MPF-102  field 
effect  transistors  in  the  rf,  mixer  and  oscilla- 
tor stages  for  low  noise  figure  and  excellent 


overload  characteristics.  The  oscillator  was 
first  designed  using  conventional  VHF  tran- 
sistors such  as  2N706A  and  ZN3663,  but 
was  found  hard  to  stabilize,  especially  with 
rej^pect  to  warm-up  drift.  Using  the  field 
effect  transistor  completely  eliminated  these 
problems,  and  proved  so  stable  that  stand-by 
could  have  been  accomplished  by  cutting 
the  supply  voltage  to  the  local  oscillator, 
a  technique  that  would  make  old  die-hard 
tube  addicts  shudder! 

One  problem  encountered  with  an  other- 
wise exceptionally  stable  oscillator  was  an 
extreme  sensitivity  to  voltage  changes.  Many 
attempts  were  made  to  regulate  the  supply 
voltage,  but  tlie  class  B  audio  amplifier  stiU 
caused  enough  change  to  affect  the  received 
signaL  The  final  solution  may  not  appeal  to 
the  purist,  but  it  does  work  with  a  minimum 
of  trouble.  A  pair  of  D  flashlight  batteries 
were  mounted  inside  the   case   and  turned 
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by  SKYLANE 


WAy  TOWERS 

Cranks  UP  &  DOWN  -  TILTS  OVER 
•  YouVe  on  the  air  fast...  the  E-Z  Way 

•  Best  of  all  —  NO  GUYS 

COMBINATION  DEALS 

SAVE  FROM  $10.00  to  $100.00 

We  oflFer  yoii  a  5%  discount  on  any  tower  plus  any  quad, 
^       I         Add  price  of  the  tower  to  price  of  the  quad  and  deduct  5% 

from  the  total.  This  is  your  price.  Remember,  a  combina- 
tion deal  of  tower  and  quad  saves  you  shipping  charges  also. 
We  freight  a  quad  and  tower  combination  deal  to  anyplace 
in  the  48  states  free  of  charge* 

HOW  ABOUT  THESE? 

HD-40  Tower  with  building  attach  kit  .,.„ $159.00 

2  Element  quad  with  bamboo  spreaders $  59.95 

218.95 

Less  5%  10  95 

Shipped  PREPAID  to  your  QTH,  in  48  states  .".!!!."$208!oO 

RBS-40  Tower  with  Wonder  Ground  Post ..$320.00 

Four  Element  Quad  with  Fiberglass 
J  Spreaders  (See  Picture)  ...■$199.95 

*^  $519.95 

^  X-4€5S    D /^  «^.,,.. ^t}ilfU 

'  /         Shipped  PREPAID  to  your  QTH  in  48  states  $493.95 

REMEMBER: 

All  our  qyads  may  b©  used  with  single  or  multiple  feeds. 
Either    Fiberglass    or    Bamboo    Spreaders. 
All  quads   are   completej   unless  specified   otherwise* 
All    E   Z   Way    Towers    are    crank   down,    tilt   over,    and    are 
galvanixed    both    inside    and    out- 

Our  bamboo  spreaders-come  Irom  a   bamboo  farm,   and  are 
strarghter,    stronger,    and    more    uniform    than    the    imported 
variety.  They  are  fire   hardened   and  varnished. 
Our    Fiberglass    spreaders    weigh     1^     pounds^    are    in    one 
piece,   and    are    blue   in   color. 

All  quads  are  pre-cut,  pre<dr!lfed  and  pre-tuned  unless  spec- 
ified otherwise. 
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WAYM's  9uad  on  40"  E-Z  Way  tower. 
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P.  O.  Box  17196  /    ^^OUCtS, 
TAMPA,  FLORIDA  33612 
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10.7  mc,  FW  mpur  IF  transformer,  /.    IF,     Tfi 

Milter  2070 

10,7  mc.  FM  interstage  transformer,  /.   ilT.      77 

Miller  2071 

455A;/i2    inpi/i    transformer,    /,     JF.    Miller     CHI 

2031 

455A:Az  transformer^  supplied  with  IF  mad-     LI 

ute  L2 

driver  transformer^  lOK  to  2K  cJ.  Midland     LS 

250633,  Calrad  CR7S 


output   transformer,    500    ohms    cJ.    to   3,2 

ohms^  Midland  25-631 

6.3 K,    .6    amp    or    smaller    filament    trans^ 

former^  Triad  FA3X 

2  Ay*  15  ma,  low  resistance  choke,  Stancor 

C2707 

4*.  #20  bare  copper  %e"  ID  V/*  long 

5l  #20  bare  copper  ^g''  ID  %"  long 

3t  #Hj  bare  copper  %e"  ^D  Yi"  long  lap 

It,  from  ground  end 


£4 


13/4*,    #14    bare    copper  ^g"    tD    tap    % 

tarn  from  ground  end  link   IL    #20   bare 

copper  V4"  away  from  ground  end 

200    microhenry   RF    choke,    J.    W\   Miller 

9210-90 

81,   #26  enamel  chsewounid  at  one  end  of 

%"  dia  slug  form 

RFC-1   Ohmite  Z-I44  or  18  turns  #24  wouf^  on 
1  meg  1  watt  resistor 

XI         crystal,  1L155  mc. 
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^^Drake  4'Line  is  the  most 
satisfying . . .  tot  alt  y  efficient 


9f 


says  W0YDB,  Minneapolis  . . . 

To  quote  in  part  from  a  letter  received  from  W.  C.  Higgins,  W0YDB,  Minne- 
apolis, Minn.,  dated  May  10, 1968  . .  . 

«„.  Enclosed  are  several  snapshots  of  my  hamshack  and  equipment. 
Since  the  Drake  4-Line  is  so  predominant,  I  thought  that  you  might  like  to 
add  to  your  photo  collection  of  Drake-equipped  stations.  Granted,  the  gear 
is  not  the  new  B  series  but  it  is  still  the  most  satisfying  and  totally  efficient 
that  this  old-timer  has  used  in  32  years  of  amateur,  military  and  commercial 
electronic  experience.  I  earn  my  living  as  a  Production  Manager  of  (aero- 
space) electronic  instrumentation  production  , . .  and  I  think  I  can  recognize 
excellence  in  electronic  engineering  design  and  performance  when  I  see  it. 

"Again,  congratulations  for  developing  the  4-Line.  73  . . ," 

[Signed]  Bill,  W,  C.  Higgins 

Ask  any  hant  who  owns  a  Drake 
4'Line  Rcvr,  Xnttr  or  Linear,,, 

or  write  for  detailed  specifications: 
Dept.  368    R.  L.  DRAKE  COMPANY  540  Richard  St.,  Miamisburg,  Ohio  45342 


on  and  off  witli  the  power  switch*  Absolute 
stability  now  exists,  and  at  2.5  mA  battery 
current  I  expect  it  will  be  a  long  time  before 
replacement  is  needed. 

The  oscillator  timing  capacitor,  CI,  is 
made  from  a  Hammarlund  HF-15  with  all 
but  1  fixed  and  1  movable  plate  removed. 
This  is  easily  accomplislied  by  holding  the 
plates  with  long-nose  pliers  and  bending 
back  and  forth.  Doubtless  many  other  simi- 
lar capacitors  could  be  used  with  minor 
changes  in  coil  dimensions. 

The  oscillator  tuning  capacitor  is  mounted 
on  a  piece  of  copper-coated  phenohc  board, 
2"  by  IW  soldered  along  its  entire  length 
to  the  chassis  board.  A  similar  copper- 
phenolic  board  is  mounted  in  front  of  the 
capacitor  to  support  the  dial  assembly,  leav- 
ing enough  room  for  the  front  panel  to  clear 
the  dial,  and  a  flexible,  insulated  coupling 
to  drive  the  oscillator  capacitor.  An  insulated 
coupling  is  needed  to  eliminate  a  variable- 
length  ground  path  for  the  oscillator  capa- 
citor rotor.  The  remaining  oscillator  parts 
are  mounted  as  solidly  as  possible  with  the 
transistor  socket  resting  on  short,  solid  leads. 
Leaving  the  socket  out  would  provide  even 
better   mechanical    stability    at   the    expense 


of  easy  transistor  substitution.  Not  knowing 
much  about  field  effect  transistor  stabilitv 
at  the  beginning  of  this  project^  the  socket 
was  used. 

The  dial  assembly  is  a  Jackson  model 
4511/DRF,  giving  two  speeds  for  accurate 
tuning:  36  to  1,  6  to  1.  The  dial  drive 
mechanism  is  mounted  on  a  piece  of  phenolic 
board  soldered  to  the  main  chassis,  and 
coupled  to  the  oscillator  board  with  a  piece 
of  metal  tubing.  This  coupling  reduces  the 
backlash  in  the  unit  to  an  unnoticeable  level, 
and  allows  very  smooth  tuning  over  the 
band.  The  dial  itself  was  made  from  a  piece 
of  cardboard  cut  to  4  inches  in  diameter 
and   mounted   on    the   Jackson    nssi'mbly. 

The  rf  amplifier  stage  has  protection 
diodes  connected  across  the  input  coil  to 
provide  a  path  to  ground  for  excessive  rf  volt- 
ages, as  might  be  encountered  w^hen  operat- 
ing a  transmitter  near  the  receiver.  Fol lour- 
ing the  mixer  is  a  single  stage  of  if  amplifi- 
cation at  10.7  MHz  to  help  control  the 
midesired  images  which  might  otherwise 
occur  if  the  only  if  was  455  kHz,  The  com- 
pleted unit  shows  42  db  supression  of  the 
primary  image,  which  occurs  21.4  MHz  be- 
low the  desired  2  meter  signal.  A  secondary 
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Fig.  2.  Chassis  Layout  with   dial  drive  assembly. 
MODI   IF  amplifier  and   detector  module,  J.   iT.  Miller  8903S  or  Lafayette  99//6254 
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Fig.  3.  Optional  455  A/fs  //  5fr/p  fo  replace  module. 

image  is  also  noted,  however,  due  to  the 
low  selectivity  of  the  10,7  MHz  if  trans- 
formers used,  occurring  at  910  kHz  above 
the  desired  signal  This  image  response  is 
down  36  dbj  and  usually  causes  no  trouble 
except  when  a  strong  local  station  is  operat- 
ing near  the  bottom  edge  of  the  band,  the 
image  then  falling  in  the  beginning  of  the 
technician  band.  An  additional  stage  of  if 
amplification  at  10.7  MHz,  or  use  of  an 
additional  if  transformer  loosely  coupled  to 
the  10.7  MHz  output  transformer  would  re- 
duce the  image  to  a  negligiljle  level.  In 
actual  use  no  images  have  been  heard  from 
outside  the  amateur  band,  and  the  in-band 
image  only  served  to  provide  an  additional 
spot  to  hsten  to  strong  locals,  if  gain  control 
is  accomph'shed  by  varying  the  base  voltage 
on  the  10.7  MHz  //  stage. 

Following  the  10.7  MHz  if  stage  is  a  com- 
bined mixer-oscillator  stage,  using  a  crystal 
to  beat  the  frequency.  This  circuit  is  an 
adaptation  of  one  used  in  many  pieces  of 
commercial  equipment,  and  provides  excel- 
lent conversion  characteristics  without  any 
tmiing  adjustment  other  than  the  input  and 
output  transformers.  In  the  original  model 
of  this  receiver,  the  45S  kHz  if  amplifiers 
were  built  on  the  circuit  board.  However,  in 
the  final  version,  a  J.  W,  Miller  pre-pack- 
aged if  module  was  used  as  part  of  the 
circuit.  Both  schematics  are  provided  so  the 
builder  can  incorporate  whichever  design  he 
prefers.  The  difference  in  operation  of  the 
two  if  amplifier  designs  are  small,  but  the 
pre-packaged  if  unit  provides  better  avc  ac- 
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tion  than  was  obtainable  with  the  separate 
design.  The  choice  of  transistors  in  the  if 
amplifiers  and  converters  is  not  critieak 
Bodi  2X706  and  2N3856  can  be  used  inter- 
changeably. 

A  very  low  voltage  diode  is  required  in 
the  noise  limiter  circuit,  and  the  most  satis- 
factory  unit  seems  to  be  the  coUector^base 
junction  of  a  2N107  transistor.  Perhaps  there 
are  some  separate  diodes  which  have  the 
required  characteristics,  but  in  trying  over 
twenty  types,  none  worked  as 
transistor  specified.  The  audio 
no  special  comment  other  than 
power  output  is  sufficient  for 
use.  If  higher  audio  output  is  needed,  the 
supply  voltage  may  be  raised  to  15  volts 
with  a  corresponding  increase  in  output.  The 
voltages  on  the  remainder  of  the  set  should 
be  held  to  the  specified  ones  to  avoid  up- 
setting the  conditions  needed  for  maximum 
gain.  This  ^\a]l  automatically  be  accomplish- 
ed by  the  6.8  volt  zener  diode,  but  the 
supply  resistor  of  47  ohms  may  have  to  be 
increased  to  keep  the  zener  dissipation 
within  operating  limits. 

Power  for  the  receiver  is  supplied  by  a 
6  volt  filament  transfonner  and  bridge  rec- 
tifier assembly  feeding  a  caj)acitive  input 
filter  to  yield  an  output  voltage  of  7.5  volts 
under  load.  The  transformer  and  choke 
shown  are  not  those  specified  in  the  parts 
list,  but  some  "junk  box''  specials.  Those 
recommended  have  the  same  ratings.  Re- 
ceiver muting  is  accompfished  by  breaking 
the  supply  voltage  to  the  entire  receiver 
with  the  exception  of  the  local  oscillator*  A? 
mentioned  earlier,  stand-by  can  be  accom- 
plished by  breaking  power  to  the  oscillator. 
This  leaves  the  rf  amplifier  and  mixer  op- 
erating, and  even  with  the  protection  diodes, 


Top  View  of  The  Receiver. 


OCTOBER   1968 


35 


Bottom  View 

the  mixer  gets  a  prett>'  good  shot  of  rf 
when  a  transmitter  is  operating,  if  the  rf 
amplifier  is  left  running.  Since  breaking 
both  the  rf  eircmts  and  the  oscillator  would 
require  two  contacts  on  the  mute  switch, 
it  was  decided  to  let  tlie  oscillator  run.  The 
power  transformer  and  choke  used  were 
surplus  items  picked  up  at  a  local  "junk 
store,"  and  somewhat  smaller  than  those 
specified  in  tlie  parts  list.  If  the  specified 
ones  are  used,  the  next  size  larger  cabinet 
may  be  needed.  One  possible  solution  might 
be  to  use  the  smaller  cabinet  with  the  pow- 
er transformer  mounted  on  the  back;  an- 
other to  mount  all  power  components  in  a 
small  mini-box  and  connect  with  a  short 
cable. 

In  constructing  the  unit,  it  is  strongly 
recommended  that  some  two-sided  copper- 
plienolic  board  be  purchased  and  used  in- 
stead of  conventional  chassis  techniques. 
The  necessity  for  soldering  to  ground  many 
times,  along  with  the  high  frequency  and 
low  impedances  of  the  transister  circuitry 
precludes  the  usual  gromid  lugs  and  result- 
ing long  leads.  The  actutal  copper  board 
size  is  4^  by  7M".  A  cut-out,  4  by  63^ 
was  made  in  the  aluminum  chassis  to  re- 
ceive the  copper  sub-chassis. 

All  transistors  were  mounted  in  sockets  for 
initial  testing,  and  probably  could  be  lead 
mounted  in  the  final  model,  but  care  should 
be  taken  to  prevent  excessive  heat  from 
damaging  the  plastic  encased  units,  Assem- 
biy  and  testing  of  the  unit  can  be  done  in 
stages  beginning  with  the  rf  amp,  mixer, 
oscillator  and  10.7  MHz  amplifier.  Connec- 
tion of  the  output  of  this  combinatian  to  a 
communicalions  receiver  will  enable  the  set- 
up to  be  accomplished  without  wondering 
about   all   stages    at   once.    After    the   front 


end  portion  of  the  receiver  is  wired,  a  grid- 
dip  meter  is  a  big  help  in  alignment.  The 
rf  gate  and  drain  coils  can  be  tuned^  along 
with  the  mixer  gate  coil  to  145  MHz,  The 
oscillator  coil  should  tune  from  133.3  to 
137.3  MHz  witli  perhaps  a  small  overlap 
for  band-edge  monitoring.  Adjustment  of 
the  coil  length  and  the  trimmer  capacitor 
on  the  oscillator  should  enable  tliis  range 
to  be  covered.  Injection  from  the  oscillator 
to  the  mixer  is  adjusted  by  bending  the 
coupling  link  near  the  oscillator  coiL  al- 
though the  amount,  of  injection  seems  to 
make  little  difference  in  perfonnance.  The 
best  procedure  seems  to  be  to  tune  in  a 
signal  and  adjust  the  link  away  from  the 
coil  until  the  signal  drops  off,  then  increase 
the  coupling  somewhat  beyond  that  required 
for  maximum  signal  Too  much  coupling  will 
cause  no  problems,  other  than  excessive  in- 
teraction between  the  mixer  gate  coil  and 
oscillator  frequency, 

Neutrahzation  of  the  rf  amplifier  is  mos 
easily  accomplished  by  disconnecting  the 
drain  voltage  and  tuning  in  a  rather  strong 
local  signal*  The  coil  should  be  adjusted  for 
minimum  feed— through.  It  should  be  pos- 
sible to  diop  all  but  the  very  strongest 
signals  into  the  noise  level  by  careful  ad- 
justment, If  no  strong  local  stations  are  on 
the  alr^  neutralization  may  be  done  by 
leaving  the  drain  voltage  connected,  and 
adjusting  tlie  coil  through  its  range  until 
oscillation  is  noted  by  strange  whistles  and 
ploops  on  the  receiver.  There  should  be  two 
settings  where  oscillation  will  occur:  the 
correct  setting  and  midway  bet\veen.  While 
building  various  models  of  the  front  end, 
it  was  noticed  that  the  neutrahzing  coil 
dimensions  had  to  be  varied  somewhat  for 
each  model  Do  not  be  afraid  to  add  (or 
subtract)  turn  to  Ln  if  it  seems  necessary. 
The  10.7  MHz  if  amplifier  stage  can  be 
peaked  for  maximum  output  with  the  com- 
munications receiver  connected  to  tlie  sec- 
ondary to  Ts.  The  second  converter  stage, 
Q5,  needs  no  adjustment  other  than  repeak- 
ing  of  T2  and  peaking  of  T3;  the  crystal 
oscillator  portion  has  no  tuning  adjustments. 

After  the  front  end  is  set  up  and  work- 
ing, the  455  kHz  amplifiers  can  be  con- 
nected and  checked  out  A  separate  audio 
amplifier  connected  to  pin  7  on  the  if 
module  will  assure  that  if  the  signal  sounds 
fishy,  at  least  it  isn't  the  receiver  ampli- 
fier doing  it!  Peaking  the  if  transformers 
is   a   simple   job,   but  be   sure    to    use    the 
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better 
saved 
really 


e  tools  recommended  for  the  purpose* 
The  u.se  of  a  metal  screwdriver  results  in 
very  short  transformer  life— usually  about 
one  turn  of  the  slug  is  all  you  get.  The 
writer  origmaHy  tried  inexpensive  455  kHz 
if  tiansformers,  tlie  imported  types  sold  as 
replacements  for  use  in  transistor  radios, 
but  settled  on  the  slightly  larger  J,  W, 
Miller  ones.  The  selectivity  is  definitely 
on  the  larger  units,  and  the  space 
by  the  ultiaminiature  units  is  not 
that  valuable  in  this  receiver.  Once 
the  complete  rf  system  of  the  receiver  is 
working,  the  audio  amplifier  can  be  con- 
nected and  checked  out.  The  only  comment 
about  it  is  that  the  use  of  voltages  liigher 
than  9  volts  for  supply  may  require  tlie 
changing  of  the  bias  resistors  in  die  audio 
driver  and  out  put  stages.  At  15  volts  the 
39  k  driver  resistor  should  be  raised  to 
56  k  olims. 

Calibration  of  the  dial  is  done  by  using 
several  known  frequencies  from  a  nearby 
transmitter  and  interpolating  to  find  the 
points  at  144.  145  MHz  etc.  Dial  markings 
and  panel  labels  were  done  using  a  fine- 
line  felt-tipped  pen,  after  which  a  couple 
of  coats  of  clear  lacquer  spray  were  added 
for  protection.  The  completed  receiver  was 
housed  in  a  cabinet  made  by  the  LMB  Com- 
pany-Type W-IA5  measuring  7"  long  by 
5"  deep  by  4%''  high*  A  Bud  cowl-type 
minibox,  10"  long,  7"  deep  by  6"  high 
would  easily  enclose  the  receiver  and  poy- 
er  components  sepcified.  The  entiie  miit 
was  completed  and  checked  out  on  the  cop* 
per  board  first,  then  a  hole  to  receive  it 
was  cut  in  the  chassLs  and  small  sheet  metal 
screws   used   to   hold   it   dowTi,    The   power 


supply  was  built  on  the  metal  chassis  itself 
for  better  mechanical  stabiht>^  One  prob- 
lem encountered  in  the  final  checking-out 
of  the  finished  unit  was  in  the  mounting  of 
the  loudspeaker  in  the  top  of  the  cabinet. 
It  seems  that  tlie  FET  oscillators  are  very 
stable  unless  shaken  at  an  audio  frequency! 
The  resulting  feedback  sounds  nothing  like 
the  microphonics  found  in  most  2  meter 
tube  oscillators— it  makes  everyone  appear 
to  have  audio  feedback  in  theii-  ti*ansmitter! 
Tlie  frequency  of  oscillation  is  high  due  to 
the  mechanical  stability  of  the  oscillator, 
with  the  end  result  of  accusing  stations 
being  received  of  having  problems.  The  so- 
lution can  be  reached  by  two  approaches: 
One,  place  the  speaker  outside  tl>e  cabinet. 
This  works  every  time,  but  takes  up  extra 
space.  Two,  anchor  the  FET  and  socket 
extra  epoxy  glue  to  the  edge  of  the  tuning 
capacitors,  and  make  the  remaining  parts 
so  mechanically  stable  that  they  are  totally 
unaffected  by  vibration.  This  method  of 
attack  removes  99%  of  the  problem,  but 
there  is  still  a  bit  on  very  strong  stations 
at  very  high  audio  levels*  If  desired,  the 
receiver  may  be  run  from  batteries,  either 
a  9  vult  source  or  higher  with  appropriate 
dropping  resistors.    If  resistors   are   used   to 

lower  the  voltage,  it  is  recommended  that 
the  input  power  be  fed  through  the  filter 
system  to  act  as  a  decoupling  network  in 
the  absence  of  a  low  impedence  normally 
furnished  by  the  battery. 

The  completed  receiver  should  truly  be 
a  testimonial  to  the  statement,  "a  good  tilings 
come  in  small  j^ackages." 

. ,  .  W2HUX 


BEnm  HEHDincs 

computed  to  every  call  sign  area  in  the  world 

•  Great  circle  bearing  to  over  500  locations, 

•  Distance  In  miles  or  kilometers  {advise  which).  ^ 

•  Return  bearings  —  advise  your  QSO's  of  their  best 
beam  setting  for  working  you. 

•  Callsign  prefix  &  time  difference  for  each  location. 

•  On  8  X  1 1  computer  paper  mountable  in  plastic. 

•  Surface  postage  paid.  Airmail  Include  cost  3  oz. 

•  If   latitude    &    longitude   not   given,  describe  QTH  fully 
and  add  $.50  for  location  service. 


Send  $3*95  with  your  name 
and  exact  location  to: 

moiiTcomERv 

GEODETIC 
SERUICES 

Box  5707 
Bethesda,  Md.  20014 
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PRESENTING  THE  ALL  NEW 

AMECO  PT 

ALL  BAND  TRANSCEIVER 
PREAMPLIFIER 

-  6  THRU  160  METERS 

-  FEEDS  2nd  RECEIVER 

Model  PT,  with  built-in  power 
supply,  transfer  relay,  connecting 
cables,  wired  and  tested. 

Amateur  Net .....$49.95 

■  A  frame  grid  pentode  provides  low  noise  figure  with  ability  to  handle  strong  signals, 
greatly  improving  the  sensitivity  of  the  receiver  section  of  a  transceiver. 

■  A  unique  built-in  transfer  circuit  enables  the  PT  to  by-pass  itself  while  the  transceiver 
is  transmitting.  The  PT  also  feeds  the  antenna  input  of  a  2nd  receiver  as  well  as 

muting  it.  AMECO 

DIVISION  OF  AEROTRON,   INC.  ■   P.  0.  BOX  6527  ■  RALEIGH,  N.  C.  27608 


The  Ham  Workshop 


The  ham  workshop  can  be  almost  any- 
thing from  a  VOM  and  screwdriver  to  one 
with  a  complete  set  of  test  instnimeiits  and 
complete  metal  working  equipment. 

Oh!  You  say  you  don*t  have  a  workshops 
well  fellow  hams  you  maybe  missing  out  on 
a  lot  of  fun  in  ham  radio. 

You  hams  who  don't  have  even  a  VOM, 
what  happens  w^hen  your  ham  gear  quits 
working  properly?  Pack  it  up  and  send  it 
hack  to  the  factory.  Well,  I  guess  this  is 
ok  if  you  have  lots  of  money,  anyway  it 
makes  a  lot  of  jobs  for  technicians  at  the 
factories. 

Maybe  you  are  the  kind  of  ham  who  likes 
to  fix  his  own  gear  or  build  something  new. 
But,  you  say  test  gear  cost  lots  of  money? 
True  the  better  test  instruments  cost  more^ 
but  a  Cadillac  cost  more  than  a  Ford  too. 
Good  test  instruments  don  t  have  to  cost  a 
lot,  look  around  at  some  of  the  kits  on  the 
market  today.  Such  as  the  new^  Heathkit 
IM-17  solid  state  VOM,  with  4^"  meter,  one 
FET,  foiu'  other  transistors,  test  leads,  carry- 


Bill   Hayward  W0PEM 

3408  Monterey 

St.  Joseph,   Missouri  64507 

ing  case  all  for  $19.95,  this  would  be  a  nice 
VOM  for  you  if  you  are  just  starting  out. 

If  you  have  a  lot  of  test  gear  around  the 
workshop,  do  you  know^  how  to  use  them? 
Using  test  gear  is  a  subject  in  itself  and 
I  wouldn't  go  into  it. 

A  workshop  is  also  tools  to  help  repair 
the  trouble  after  your  test  instrimients  told 
you  what  was  wrong.  Everv^  ham  should  have 
screwdrivers  of  different  sizes,  pliers  (both 
long  nose  and  side  cutters),  a  soldering 
iron  or  gun,  and  rosin  core  solder. 

A  good  place  to  starts  for  hams  who  don't 
have  a  workshop  would  be  the  above  tools, 
plus  a  VOM  or  VTVM,  As  you  work  on 
more  of  your  own  equipment,  you  find  you 
need  more  items,  such  as  a  signal  generator, 
oscilloscope,  VTVM  (if  you  don't  already 
have  one),  grid  dip  meter,  rf  prol>e,  dummy 
load  (you  should  have  this  already) ,  an 
assortment  of  test  leads,  wire  strippers,  and 
a  nut  driver  set.  These  are  but  a  few  of 
the  items  you  can  add  on,  not  necessary  in 
the  order  listed  above. 
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If  you  go  in  for  building  your  own  ham 
equipment,  you  might  need  in  addition  to 
the  above,  such  items  as  an  electric  drill 
(a  must),  drill  bits,  reamer,  chassis  punches 
(for  tube  sockets  if  you  use  them  anymore), 
a  set  of  files,  a  variable  voltage  power  sup- 
ply, BC-221  frequency  meter,  and  a  big 
box  for  miscellaneous  parts  carried  home 
from  a  bargain  sale  for  that  future  project* 

W'here  do  you  put  your  workshop?  Any- 
where that  you  might  have  room.  An  extra 
room  (if  you  are  lucky),  a  corner  of  the 
basement,  or  in  a  corner  somewhere  else 
in  the  house* 

When  you  build,  where  do  you  get  your 
ideas?  You  need  to  take  as  manv  of  the  ham 
magazines  and  books  as  you  can.  Then, 
when  you  see  a  circuit,  you  can  go  to  the 
workshop  and  build  it  up,  add  your  ovro 
ideas  to  it,  see  what  it  will  do  and  maybe 
even  write  an  article  about  it«  A  bookshelf 
is  then  needed  to  hold  all  the  books  and 
magazines  you  have« 

It  doesn't  matter  which  you  have  the  big 
well  equiped  workshop  or  the  one  meter 
workshop,  you  should  at  least  try  to  repair 
or  build  some  of  your  ham  equipment-  Who 
knows,  you  might  find  out  what's  behind 
that  panel  and  help  yourself  learn  something 
at  the  same  time.  .  .   ,   W0PEM 


The   following   Cryptogram   was   submitted   by   Fr, 
Robert  O,   Gardiner  KlOXK 


Defi-Gram 


P  SPOONLO  UPQL  UZNSZ  NA  YALE  IM 
KMEYTPIL  PXMIZLO  SPOONLO  MO  PX 
NXILOKLENPIL  AYDSFOONLO.-AYD- 
SPOONLO, 

(Solution  on  pg.  57) 
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Build  this  magnificent 
SchoberTlieatre  Organ 

for  only 
**1550! 


^Includes 

ffnished  walnut 

console,  Amplifer^ 

speaker  system, 

optional  accessories 

extra.  Only 

$1150,50  rf  you 

buiEd  your  own 

console. 


You  couldn't  touch  an  urgBn  tike  this  In  a  store  for 
less  than  $3500  — and  there  hasn't  been  a  mosfcat 
instrument  with  this  vast  variety  of  genuine  Theatre 
Organ  voices  since  the  days  of  the  silent  movies!  If 
you've  dreamed  of  the  grandeur  of  authentic  big-or- 
gan sound  in  your  own  home,  you  won't  find  a  mare 
satisfying  instrument  anywhere -kit  or  no  kit. 

You  can  learn  to  play  it.  And  you  can  build  it,  from 
Schober  Kits,  world  famous  for  ease  of  assembly 
without  the  slightest  knowledge  of  electronics  or 
music,  for  design  and  parts  quality  from  the  ground 
up,  and  — above  all  — for  the  highest  praise  from 
inusicians  everywherei 

Send  r  if  lit  now  for  your  copy  of  the  full-color 
Schober  catalog,  containing  specifications  of  the  five 
Schober  Organ  models^  beginning  at  $599.50.  No 
charge,  no  obligation  —  but  lots  of  food  for  a  healthy 
musical  appetite! 


The 0FCW<2^^^ Organ  Corp.,  Dept.  0-4 
43  West  61$t  Street,  New  York,  N.Y.  10023 

O  Please  send  me  Schober  Organ  Catalog  and 
free  7-iiicli  '*sampk"  record. 

O  Enclosed  please  find  $1.00  for  IZ-mch  L.P, 
record  of  Schober  Organ  music* 

NAME 

ADDRESS 


CITY. 


STATE 


ZIP 


YOUR  TAPE  RECORDER  IS  READY  TO  TEACH  CODE! 

That's  right!  Your  tape  recorder  is  ready  to  help  your  code  study. 
The  COD  EM  ASTER  tapes  give  you  professional  instruction  via  your  own 
tape  machine.  Now  generated  by  digital  computer,  the  CODE  MASTER 
tapes  are  unsurpassed  for  timing  accuracy.  Whether  you're  just  start- 
ing, going  for  your  Amateur  Extra,  or  somewhere  in  between,  the 
CODEMASTER  tapes  are  your  best  code-learning  buy!  Find  your  CODE- 
MASTER  tape  belowl 


9^ 


CM-1:  For  the  beginner.  A  com- 
plete course  ef  instruct  ion  js  on 
the  tape.  PrsctJce  n\3terial  at 
5,  7,  9  WPM,  Pfepares  ^ou  for 
Novice  exam,  rncludes  €Odi  groups 
md  punctuation. 


CM-lVi'  An  mtermediate  tape,  es* 
pecially  for  Generaf  Class  exam 
study.  No  insliijction;  just  prac- 
tice. Vi  hr  n  WPM:  1  hr  14  WPM; 
^A  hr  at  17  WPM.  Includes  codtd 
groups  and  straight  text. 


{^^ 


CM -2;  For  Extra -Class  license 
study.  Mostly  straight  text;  soma 
code  groups.  1  hour  at  20  WPM; 
Vi  hour  each  at  25  and  30  WPM. 
For  real  QRQ,  play  th'a  tipft  al 
twic^  spe^j 


CODEMASTER  tapes  are  Z^track  monaural:  available  in  two  sizes:  7-incri  reel  (3'yi  fPS)  and  SVi-inch  r«el  (l^i  IP^)- 
Wifl  play  on  any  but  fulhtrack  machine.  SPECIFf  both  typ«  and  size  of  tape  you  waul.  Any  tarw,  $5.95  postpaid  USA 
4th  class.  Any  two  tapes,  $11.00;  all  three,  $15.00  PPD.  Immediate  delivery;  CODEMASTER  tapes  are  made  only  by 
l^lcker(ii£  Radio  Company,  P.  0.  Box  29A,Portsmouth|i  ft.  I.  0287L  Satisfaction  guaranteecf.  Dealers;  inquire. 
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New  Life 

for  an  Old  Circuit 


Darrell  Thorpe 
3110  N.  83  Sl 
Scottsdale.    A  rizo  n  a 


Simple  inxepensive  VFO  circuit  can  supply 
stable  fundamental  drive  sources  to  50  MHz 
and  beyond. 


The  Clapp  oscillator  circuit  has  eclipsed 
al!  other  circuit  configurations  when  it 
comes  to  buildng  a  \'FO  with  inherent 
stability.  However,  it  is  not  generally  known 
tliat  the  Clapp  circuit  (first  described  by 
J,  K.  Clapp  in  1954)  is  based  upon  a  de- 
sign  conceived  by  Jiri  Vackar  in  1949.  Most 
naturally,  it  is  called  the  Vacker  circuit.  The 
Vackar  circuit  for  some  unkown  reason  has 
not  received  much  attention  in  ham  radio 
publications,  so  it  is  hoped  that  this  rein- 
troduction  of  the  Vackar  conflgmation  to 
the  ham  ranks  will  breath  new  fife  into 
an  old  circuit  that  has  much  to  offer. 

What   it  offers 

The  Vackar  provides  inherent  stability 
that  is  superior  even  to  the  Clapp  circuit  or 
any  of  the  other  common  circuit  configura- 
tions that  are  often  described  in  VFO  lu- 
ticles.  Moreover,  the  output  of  the  Vackar 
oscillator  can  be  made  constant  over  a  wide 
frequency  range.  For  purpose  of  compar- 
isons, the  basic  Vackar,  Clapp  and  Colpitts 
circuits  are  shown  in  Fig.  1.  Note  the  sim- 
ilarity of  the  Clapp  and  Vacker  circuits 
which  is  as  should  be  because  the  Clapp 
was  derived  from  the  Vackar,  Also,  note 
that  Vackar  is  not  a  Colpitts, 

The  Vackar  circuit  is  series  tuned  by  CV 
and  the  tank  is  shunted  by  a  large  capacitor 
C2.  In  addition,  the  tuning  capacitor,  CV, 
can  be  large  in  respect  to  the  other  capaci- 
tors if  a  wide  tuning  range  is  desired,  and 
a  2.5:  1  frequency  range  is  practical  Or,  the 
tuning  capacitor  can  be  small  to  cover  a 
narrow  band, 

80'Meter  VFO 

A  practical  Vackar  circuit  suitable  for  op- 
eration in  the  3,5  to  4  MHz  range  is  sho^vn 


BASIC  VACKAR 


3: 


BASE,  GATE 

OR  Qfm 


IHH( 


COLLECTOR 
DRAIN,  Oft 

PLATE 


EWITTEfl. 
SOUftCE^  Oft 
CATHODE 


BASIC  CLAPP 


BASIC  COLPITTS 


Fig,    L    Basic    Colpitts    and    Clapp    circuits 
shown  with  The  Vackar  for  comparison. 


are 


in  Fig,  2.  However,  as  will  be  described, 
values  can  be  changed  to  cover  any  other 
frequency  range  that  is  desired.  The  high  Q 
toroid  inductor  togetlier  wdth  CV,  and  CI 
thru  C5  form  a  resonant  circuit  at  the  VFO 
frequency.  But,  for  all  practical  purposes, 
the  value  of  CV,  trimmer  C3  and  C4  to- 
gether with  LI  are  the  primary  components 
that  determine  the  frequency  range*  Note 
that  C4  is  not  needed  at  higher  frequencies. 
Capacitors  CI  and  C2  should  be  as  large  as 
practical^  that  is,  the  shunt  reactance  across 
LI  and  the  transistor  should  be  small  for 
best  stability.  To  determine  CI  and  C2, 
which  are  tlie  same  value,  at  other  fre- 
quencies use  the  following  equation 
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35T  NO.  22  OM 
T68-2  DOnZ 


Fig,  2,  Vackar  osciffator  circuit 


C  (pF) 


:    3000 


Values  determined  from  this  equation  will 
provide  optimum  stability  and  still  remain 
consistent  vAth  other  oscillator  requirements, 
C5  should  be  small  enough  to  prevent  the 
transistor  from  being  driven  into  saturation 
or  into  cutoff. 

So,  to  get  to  another  frequency,  calculate 
CI  and  C2j  select  suitable  values  for  CV 
and  C3  and  p adder  C4  at  lower  frequen- 
cies, and  then  determine  the  inductance 
needed  for  LI  to  resonate  with  this  amount 
of  capacitance  from  charts  in  the  radio 
handbooks.  One  other  point  of  consideration 
is  the  decoupling  provided  by  R4  and  C6. 
This  decoupling  prevents  spurious  oscilla- 
tions at  audio  frequencies  and  R4  must  not 
be  replaced  by  a  choke  because  the  choke 
which  gives  good  rf  decoupling  would  not 
give  the  necessary  suppression  of  these  po- 
tential audio  oscillations, 

VFO/Driver 

Fig.  3  shows  the  basic  Vackar  VFO  with 
an  emitter  follower  isolation  stage  and  low 
power  driver  stage.  If  the  VFO  is  to  be 
used  in  a  stable  temperature  environment 
and  not  in   conjunction   with  vacuum   tube 


fuiiiaces  it  will  probably  be  stable  enough 
without  compensation.  However,  compen- 
sation can  be  provided  by  using  an  N500 
trimmer  capacitor  for  C*3, 

For  low  drive  power,  the  MPS  706  does  a 
fine  job  in  all  three  sockets,  providing  an 
output  of  about  %  of  a  watt.  But,  if  several 
watts  of  output  are  needed  or  if  it  is  de- 
sired to  use  this  unit  as  a  QRP  transmitter 
an  RCA  2N2270  or  2N3053  (a  real  bargain 
at  75c)  can  be  xised  in  the  final  stage  and 
the  collector  voltage  upped  to  about  20 
volts.  If  two  of  these  devices  are  paralleled, 
you  can  put  out  a  pretty  healthy  signal. 
Don't  put  more  than  10  volts  or  so  on  the 
MPS  706  or  you  will  lose  it.  The  collector 
emitter  breakdown  voltage  of  the  706  is 
only  20  volts,  and  collector  voltage  should 
not  exceed  %  of  the  collector-emitter  break- 
down voltage.  The  2N2270  has  a  BVc*<.  rat- 
ing of  45  volts  and  the  2N3053  is  rated  at 
60  volts. 

The  same  printed  circuit  layout  can  be 
used  to  build  this  VFO/driver  at  any  other 
frequency  that  may  suit  youi^  fancy.  The 
circuit  board  wiring  is  included  for  those 
who  want  to  make  their  own  board.  How- 
ever, if  you  don't  want  to  fiddle  with  making 
your  own  circuit  board,  an  etched  and  drilled 
board  (type  VFO-A)  ready  to  mount  the 
components  to  build  a  stable  VFO  at  any 
frequency  from  160  thru  6  meters  is  avail- 
able from  Circuit  Specialists  Co*,  P.O,  Box 
3047,  Scottsdale,  Arizona  85251.  The  price 
is  $2.00  post  paid.  Also,  toroid  coil  kits 
VFO-80  meter  and  VFO-6  meter  including 
the  two  toroid  cores  and  the  specified  wire 
are  available  at  $L00  per  kit  from  the 
same  source*  Once  you've  gathered  the  few 
parts  needed  to  go  with  your  circuit  board 
you  can  have  a  unit  working  in  an  hour  or 
less.  I've  built  several  units  at  different  fre- 
quencies and  all  worked  immediately  upon 
application  of  power. 
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6-Meter  VFO/Transmitter 

By  simply  changing  a  few  of  the  values 
determining  the  resonant  circuits  the  pre- 
viously described  circuit  can  be  converted 
to  a  VFO  controlled  low-power  50  MHz 
transmitter  or  a  driver  for  a  higher  pow- 
ered final 

For  stability  over  a  wide  temperature  range^ 
N-750  capacitors  should  be  used  for  CI  and 
C2.  Wth  the  toroid  inductor  and  N-750 
capacitors  the  drift  due  to  temperature  is 
neghgible  except  at  extreme  temperatures. 
This  unit  was  built  as  a  test  for  several  pur- 
poses, therefore  an  HF-50  variable  capa- 
citor was  used  and  the  tuning  range  is  from 
about  40  MHz  to  60  MHz,  For  50  MHz 
only  an  HF15  would  be  more  desirable. 
The  turns  on  the  toroid  can  be  compressed 
or  spread  slightly  and  this  together  with  the 
trimmer  will  set  your  bandspread.  Note  that 
C4  is  not  used  in  this  version. 

At  50  MHz,  transistors  became  a  little 
more  of  a  problem,  MPS-706's  in  all  sockets 
seem  to  work,  but  the  power  output  is  low 
and  VCC  is  restricted  to  about  10  volts. 
The  2N3053,  which  in  the  beginning  I  had 
high  hopes  for,  proved  to  be  a  disappoint- 
ment at  50  MHz.  It  worked  pretty  good  at 


40  MHz,  and  it  probably  w^ould  do  a  fine 
job  on  10  meters.  The  RCA  2N5180  (avail- 
able at  48c  but  not  yet  listed  in  the  cata- 
logs) does  a  fine  job.  Although  it  is  a  low 
power  type,  it  is  a  VHF  device  (900  MHz) 
and  therefore  has  good  efficiency.  Two  or 
more  5 ISO's  can  be  paralleled  for  a  pretty 
healthy  signal.  They  are  economical  enough 
to  be  used  in  all  sockets.  The  Motorola 
2 N 22 19  also  does  a  fine  job.  In  fact,  almost 
any  silicon  NPN  that  has  an  ft  of  200  MHz 
or  more  would  probably  work.  At  higher 
voltage  a  small  cUp-on  heat  sink  should  be 
used.  .  .  ,  Thorpe 
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New  500-Watt  5-Bander  from  NRCI 


only  $39995 


For  $399.95,  you  can't  buy  a  more  potent  package  than  the  new  NRCI  NCX-500  trans- 
ceiver. This  versatile  Sbander  is  packed  with  the  performance  extras  that  give  you  the 
sharpest  signal  on  the  band,  plus  an  enviable  collection  of  QSL's.  Check  it  outl 


500-Watt  PEP  input  on  SSB,  grid-block 
keying  on  CW  and  compatible  AM 

operation. 

Receive  vernier,  with  tuning  range 

greater  than  di  3kHz, 

Separate  product  and  AM  detection. 

Sidetone  monitor,  plus  built*in  code 
practice  oscillator. 

Generous  overlap  for  adjacent-channel 
MARS  coverage. 

Fast-attack  slow- release  AGC  in  all  modes. 


Rugged  heavy-duty  6LQ6's. 

Crystal -controlled  pre-mixing  with  single 
VFO  for  effective  frequency  stability,  plus 
identical  calibration  rate  on  all  bands. 

Crystal  lattice  filter  for  high  sideband 
suppression  on  transmit^  and  rejection  of 
adjacent-channel  QRM  on  receive  .  .  , 
plus  solid-state  balanced  modulator  for 
"set-and-forget''  carrier  suppression. 

Universal  mobile  mount  included. 


AC -5 00  Power  Supply-  $95       Great  things  are  happening  at  NRCI 

NATIONAL  RADIO  COMPANY,  INC. 


NRCI 


37  Washington  St.,  Melrose,  Mass,  02176 
617-662-7700  TWX:  617  665-5032 
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Alton  E.  Glazier,  K6ZFV 
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VHF  rf  Noise  Suppression 


Probably  one  of  the  least  understood  prob- 
lems with  VI IF  mobile  is  rf  noise  suppres- 
sion- After  participating  in,  and  listening 
to  many  conversations,  it  becomes  apparent 
that  a  basic  knowledge  of  the  problem  is 
lacking. 

One  of  the  most  common  complaints  is 
that  the  converter  or  receiver  is  at  fault 
because  it  picks  up  noise,  or  the  antenna  is 
at  fault  for  the  same  reason.  If  the  receiver 
and  antenna  are  at  all  satisfactory,  you  tcill 
hear  noise,  for  neither  has  intelligence  to 
differentiate  between  the  radio  station  to 
which  you  wish  to  listen  and  that  being 
transmitted  by  the  electrical  system.  True, 
most  VHF  receivers  have  some  type  of  noise 
clipping  which  takes  place  either  in  the  if 
section  or  second  detector,  or  a  blanker 
between  the  converter  and  receiver.  It  is 
also  true  that  a  narrow  pass  band  in  the 
if  section  will  help;  however,  as  most  am- 
ateurs today  are  using  commercial  equip- 
ment, little  can  be  done  about  tins.  Some- 
times the  location  of  the  antenna  will  help, 
but  these  things  in  themselves  wiU  not  cure 
all  evils- 

RF  noise  in  mobile  operation  falls  into  two 
main  categories.  The  first  is  conducted  rf 
noise,  and  the  second,  radiated  rf  noise* 
Both  types  are  quite  broad  banded.  Con- 
ducted rf  noise  is  that  which  is  conducted 
along  the  electrical  system  of  the  car,  and 
may  originate  from  the  alternator  or  gen- 
erator, the  voltage  regulator,  the  points  at 
the  distributor,  tlie  windshield  wiper  motor, 
turn  indicator  flashers,  etc. 

The  first  step  in  conducted  rf  noise  sup- 
pression is  to  remove  the  antenna  from  the 
receiver  and  short  out  the  antenna  Jack. 
Turn  the  gain  up  and  note  the  amount  of 
inherent  noise  in  the  receiver  (nothing  can 
be  done  about  this  unless  you  want  to  re- 
work the  receiver).  Start  up  the  engine  with 
the  antenna  jack  still  shorted.  Rev  the  en- 
gine up  and  down.  In  most  cases,  you  will 
hear  alternator  whine  and  distributor  noise, 


suppr  ess  lon^ 

suppressors. 


Shut  off  the  engine  and  start  the  windshield 
wiper.  Increase  and  decrease  speed.  Shut 
off  the  ^\^per  motor  and  start  the  turn  in- 
dicator. Follow  this  tluough  for  any  elec- 
trical device. 

Now,  for  the  conducted  noise  suppression: 
In  some  cars  most  of  the  electrical  equip- 
ment conducted  noise  cannot  be  tolerated. 
In  others,  perhaps  only  two  or  three  areas 
will  rccpiire  suppression,  A  great  deal  de- 
pends on  the  individual  operator.  In  all  con- 
ducted noise  suppression,  mount  the  sup* 
pressor  as  close  to  the  offending  equipment 
as  possible.  The  reason  for  this  is  that  as 
noise  is  being  conducted  along  the  electrical 
system,  it  can  start  radiating^  and  become 
an  additional  problem. 

For  alternator  or  generator 
there  are  two  main  types  of 
One  is  the  tuned  parallel  trap,  consisting 
of  a  coil  and  variable  capacitor.  This  is 
connected  in  series  with  the  lead  from  the 
alternator  (as  closely  as  possible).  Oi  course 
this  trap  must  be  able  to  resonate  at  the 
desired  listening  frequency. 

Now,  with  the  antenna  jack  still  shorted, 
and  the  audio  gain  well  advanced,  tune  the 
trap  for  minimum  noise.  The  second  metliod, 
and  my  choice,  is  to  install  a  feedthrough 
capacitor  as  close  as  possible  to  the  alter- 
nator. 

Perhaps  a  word  at  this  time  about  feed- 
through  capacitors  would  not  be  amiss.  A 
feedthrough,  as  its  name  implies,  is  one 
where  the  conductor,  or  lead,  goes  through 
the  capacitor.  The  foil  making  up  the  ca- 
pacitance is  wound  around  this  lead.  The 
other  lead  of  tlie  capacitor  is  usually  the 
metal  case.  From  this  it  can  be  seen  that 
inductive  reactance  is  held  at  a  minimum, 
and  that  any  noise  present  on  the  line  is 
forced  to  take  tliis  path.  Be  sure  to  scrape 
the  metal  clean  in  mounting  capacitors.  Do 
not  use  a  wire  ground  lead,  as  the  inductive 
reactance  in  the  lead  may  defeat  the  pur- 
pose  of   the  capacitor.   As   to  the  value  of 
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the  capacitor  necessaiy,  this  will  depend 
on  the  amount  of  suppression  needed. 

There  are  several  companies  who  pnblish 
charts  showing  current  capacity,  frequency 
and  suppression  in  db,  and  the  necessar\^ 
capacitance  value  together  with  the  types 
of  mechanical  mounts.  The  current  spoken 
about  here  refers  to  the  amount  of  current 
the  lead  can  pass.  For  example,  if  your 
alternator  can  produce  30  amperes,  a  30- 
ampere  type  capacitor  is  needed.  If  the  al- 
ternator can  produce  60  amperes,  a  60- 
ampere  capacitor  is  needed.  I  was  unable 
to  acquire  this  information  from  the  local 
wholesalers,  but  had  to  go  directly  to  the 
manufacturer. 

For  those  who  do  not  have  the  time,  in- 
clination or  ambition  to  follow  this  course, 
there  are  noise  suppression  kits  available, 
consisting  primarily  of  feed  through  capaci- 
tors. Instead  of  the  capacitors  being  selected 
for  any  particular  frequency,  these  kits  are 
more  of  a  brute  force,  general  coverage 
t\^e,  and  in  most  cases  are  satisfactory; 
however,  for  those  electrical  devices  not 
covered  by  the  kits,  use  feedthroughs. 

Radiated  rf  noise.  After  the  conducted 
noise  is  suppressed  to  your  satisfaction,  con- 
nect the  antenna.  Tune  between  stations, 
shut  off  the  noise  limiter  and  listen  to  the 
atmospheric  and  man-made  noise.  No  type 
of  suppression  will  affect  this  noise*  The 
only  thing  affective  here  is  previously  men- 
tioned  blanker,  clipper,  etc.  Start  the  engine 
and  see  how  the  noise  increases.  This  ra- 
diated rf  noise  is  that  emanating  from  your 
autoelectrieal  svstem,  and  here  is  where 
radiated  suppression  counts.  If  your  receiv- 
er and  antenna  are  performing  their  func- 
tions well,  the  noise  should  increase  consider- 
ably. 

Now  for  the  radiated  noise  suppression: 
First,  be  sure  the  receiver  or  transceiver 
is  properly  gromided.  Do  not  rely  on  the 
Gfmble  mount  for  this  purpose.  Use  broad 
straps.  Two  are  better  than  one^  and  they 
should  be  as  short  as  possible.  Be  sure  the 
bolts  used  are  large  enough,  and  the  sur- 
faces clean,  Now  we  look  at  the  engine 
compartment  First,  check  the  ground  strap 
from  the  engine  block  to  the  frame.  Clean 
and  retighten.  Install  at  least  one  more 
strap  from  the  engine  to  tlie  frame  at  some 
other  point,  and  perhaps  one  from  the 
block  to  the  fire  wall. 

Remember,  what  is  a  satisfactory  ground 
for   your   sue  or  twelve  volt   system  is  not 
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solid  state  TV  camera  kit,  we  have  made  avail- 
able from  our  factory  stock  the  following  parts 
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expense  into  a  superb  TV  camera*  Included  in 
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1)  Completely  assembled  ond  tested  video 
amplifier  plug-iii  circuit  beard  with  a  10- 
transistor  6  MHz  bandwidth  amplifier  and 
keyed  clamp  with  adjustable  pedestal  ond 
sync  mixer. 
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cuit  board  with  8  transistor  and  5  diode 
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focus  coil  with  beam  alignment  magnets  and 
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is  the  vidicon  tube  clamp  and  target  con- 
nector. 

4)  Camera  tested  vidicon  excellent  for 
amateur  use  and  matched  to  the  deflection 
assembly  above. 

5)  Good  quality  F1.9  or  better  achromatic 
lens  with  matching  lens  mount. 

Note:  All  items  are  brand  new  except  vidicons 
which  we  guarantee  will  wort  with  the  parts  kit 
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good  enough  for  VHF  operation.  In  some 
difficult  cases,  it  is  also  necessary  to  ground 
the  muffler  and  tail  pipe  with  broad  straps, 
and  sometimes  it  is  even  necessary  to  use 
wheel  static  suppressors.  Tliis  wheel  static 
can  be  detected  best  if  you  can  find  a 
road  to  yourself  on  a  warm,  diy  day,  At 
a  speed  of  about  sixty  miles  per  hour,  shut 
off  the  ignition  switch  and  listen  closely  to 
the  noise.  As  the  car  loses  speed,  the  static 
noise  will  decrease  and  disappear  as  the 
car  stops. 

In  some  cases,  you  may  have  to  ground 
the  hood  of  the  car.  If  so,  use  broad  straps 
on  each  side,  near  the  hinges.  Make  sure 
the  ground  connection  at  the  base  of  tlie 
antenna  is  tight.  Remember  tliat  a  bumper 
or  bumper  mount  is  a  very  poor  mount  for 
VHF,  If  you  must  use  the  bumper,  use 
Inroad  metal  straps  from  the  base  of  the 
antenna  to  the  body  of  the  cai\  making  them 
as  short  as  possible. 

As  you  have  gathered  by  now,  any  part 
of  the  car  tliat  is  radiating  rf  noise  must 
be  grounded.  One  simple  way  of  detecting 
is  to  use  yoiir  receiver  wUh  a  random 


length    of    coax    connected    to   the    antenna 
jack.  At  the  opposite  end  of  the  coax,  wind 


two  or  three  turns  of  hookup  wire,  making 
a  coil  one  inch  in  diameter.  Tape  the  coax 
with  the  coil  at  the  end  to  a  yardstick. 
You  now  have  an  rf  sniffer.  By  moving  the 
coil  around  the  car>  you  can  detect  areas 
of  radiation. 

The  high  voltage  portion  of  the  ignition 
syNtem  is  something  else  again.  The  most 
common  approach  is  to  use  resistor  cable 
from  the  distributor  to  the  spark  plugs. 
This  may  be  all  right  for  the  high  frequency 
bands,  but  for  VHF  it  leaves  something  to 
be  desired.  I  prefer  the  resistive  type  of 
spark  plug.  The  resistor  is  built  right  into 
the  plug.  Here  we  hear  cries  about  poor 
gas  mileage,  etc.,  etc,  etc.  Remember,  the 
purpose  of  the  resistor  is  to  minimize  the 
jagged  peaks  found  in  the  electrical  wave 
form.  If  your  high  voltage  is  so  marginal 
it  must  rely  on  these  broad  spikes,  you  have 
electrical  problems.  If  you  are  going  all  out 
for  suppression,  diere  are  kits  available 
which  vdll  give  maximum  radiation  sup- 
pression* Primarily,  they  consist  of  shields 
for  the  coil,  distributor,  high  tension  cables 
and  spark  plugs.  (If  you  can  stand  the 
tariff). 

In   mobile  noise  suppression,  how  far  to 
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Unique  opportunity  to  own 
one  of  the  world's  finest 
all-band  receivers. 
500  kc  to  32  mo! 


R-390A/URR 
Radio  Receiver 


Limited  quantity  of  famous 
R-390A/URR   radio  receivers  ,  * 
brand  new.  Original  manufacture, 
1968  production  .  .  .  fully  tested 
to  meet  U.S,  Government 
specifications.  Range  500  kc  to 
32  mc,  30  l*mc  bands,  digital 
readouts.  Original  pack,  includes 
two  instruction  books,  complete 
set  running  spares.  New  low 
price  $1,700*  .  .  .  fully 
guaranteed. 

*A  few  new.  but  she(f-worn,  units 
available  at  lower  prices. 

WRITE  OR  CALL  FOR  DETAILS 


EAC  IndUStriCSi   lnC.|  20  Bridge  Avenue,  Red  Bank,  N.J./201/747-5100,  Ext.  51 


go  is  entirely  an  individual  matter.  Also 
remember^  two  cars  of  the  same  model  may 
requiie  diflterent  measures.  Antenna  loca- 
tion plays  some  part  in  the  amount  of  ra- 
diated noise  pickup.  For  example,  if  there 
is  radiated  noise  leaking  around  the  hood, 
and  the  antenna  is  near  this  area,  you  will 
have  noise.  However,  hiding  the  antenna 
behind  the  car  is  not  the  answer,  Suppres- 
sion at  the  hood  is. 

For  those  of  us  who  must  use  city  streets 
and  freeways,  how  much  suppression  to 
strive  for  is  a  question,  for  nothing  can  be 
done  about  those  cars  in  front,  behind,  to 
the  right  and  left  of  us,  except  a  very  good 
noise  clipper,  blanker,  etc.  For  those  rare 
times  when  we  get  away  from  it  all,  and 
for  those  living  in  less  crowded  areas,  use 
the  greatest  suppression  possible. 

.  KeZFV 
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Does  Math  scare  you? 

"Simplified  Math  for  tlie  Ham  Shacic 

One  of  Us  books  will  make  it  easy. 

Order  today,  only  50c. 


rr 


These  valuable  EXTRA  features 
included  in  both  editions! 

•  list  Managers  Around  the 
Wortdl 

•  Census  of  Radio  Amateurs 
throughout  ttie  world ■ 

•  Radio  Amateurs'  License 
Class! 

•  Worfd  Prefix  Map? 

•  Internationat  Radia 
Amateur  Prefixes 


GET  YOUR  NEW 
ISSUE  NOW! 

Over  283,000  OTHs 
in  the  U.S.  edition 

$6.95 

Over  135,000  QTHs 
in  the  DX  edition 

$4.95 

See  your  favorite  dealer  or 
order  direct  (add  25C  for 
mailing  in  U.S.,  Possessions 
&  Canada,   Elsewhere  add 

Radio  Amateurs'  Prefixes 
by  Countries! 

A.R.R.L.  Phonetic  Alphaliet! 

Where  To  Buy  J 

Great  Circle  Bearings! 

fnternational  Postal 
Information!, 

Plus  much  morel 


Wm£  FOR 

fHH 
BffOCtfUH! 


lib 


Ic 


RADIO  AMATEUR  ___ 

Dept.  B,4844  W.  Fulierton  Ave. 
Chicago,  l[l.  60639 


Hallicrafters  SR-400 


The  Hallicrafters  SR-400  arrived  the  other 
dav  for  an  evaluation  test.  This  is  the  first 

r' 

piece  of  gear  that  has  turned  up  with  my 
name  on  it,  even  temporarily,  in  about  three 
years,  so  I  got  right  at  the  rig  to  see  what 
Hallicrafters  had  come  up  with  and  what 
improvements  had  come  about  since  my  last 
new  transceiver. 

Once  you  have  become  used  to  a  one 
kHz  per  division  dial  1  don*t  think  you 
ever  are  comfortable  until  you  get  back  to 
one.  (1  may  write  kH^:,  but  until  I  pass  into 
the  great  DX^pedition  in  the  sky  I  shall 
think  kilocycles,)  The  400  has  just  such  a 
dial  and  it  is  light  as  a  feather.  It  also  resets 
with  absolutely  no  backlash,  Witli  a  little 
practice  I  found  I  could  set  my  dial  to 
within  100  Hz  (cycles)  as  easily  as  I  can 
set  some  other  transceivers  to  a  kHz. 

One  knob  on  the  front  panel  that  I  viewed 
with  great  relief  was  for  the  noise  blanker.  I 
don^'t  know  about  you»  but  when  I  put  my 
tower  up  I  managed  to  find  the  worst  pos- 
sible place  for  it.  My  twenty  meter  beam 
virtually  hangs  over  route  101,  the  major 
truck  route  east-west  for  this  whole  area. 
I'm  right  at  the  top  of  a  medium  sized  hill 
so  I  get  a  good  long  shot  over  a  quarter 
mile  of  road  where  the  trucks  are  struggling 
to  get  up  some  speed  after  stopping  at  the 
one  and  only  traffic  light  in  Peterborough. 
The  ignition  noise  often  is  staggering.  So '  I 
just  pulled  the  blanker  kirob  and  removed 
all  those  trucks  from  my  speaker,  HaUeluja! 


They  have  another  little  contraption  built 
into  this  transceiver  that  is  very  handy.  This 
is  the  RIT,  the  receiver  incremental  tuning 
control  On  phone  tliis  means  that  you  don't 
have  to  follow  someone  down  the  band  if 
liis  transceiver  doesn't  really  transceive.  And 
you  don't  have  to  move  your  transmitting 
frequency  every  time  someone  caUs  you  a 
little  ofiF  the  channel.  You  just  move  your 
receiver  off  a  kHz  or  two  and  leave  the  rig 
where  it  was.  This  is  great  for  nets  on  80 
meters  where  half  of  the  fellows  never  seem 
to  be  able  to  liit  the  net  frequency  exactly. 

The  RIT  can  certainly  be  useful  when  you 
are  working  phone  DX  and  you  want  to 
move  oflF  the  channel  just  a  little  to  work 
around  a  pileup.  This  is  absolutelv  basic  for 
CW  DXing, 

The  400  would  seem  to  be  ideally  suited 
to  the  CW  operator.  Not  only  does  it  have 
the  RIT  arrangement  for  small  QSY,  but 
it  has  a  200  Hz  filter  position  with  an  ad- 
justable notch.  That  isn't  enough  for  you? 
It  has  automatic  break-in  for  CW  and  you 
can  adjust  the  delay  so  you  can  have  almost 
instantaneous  break-in.  What  about  monitor- 
ing your  own  signal?  It  has  sidetone  built 
in.  Frankly,  if  Hallicrafters  forgot  anything 
in  this  package,  I  can't  think  what  it  is. 

The  100  kHz  calibration  osdllator  is  built 
in  and  not,  as  on  other  transceivers^  an  ac- 
cessory, 

I  found  the  rig  simple  to  tune.  It  did 
take  me  a  Httle  time  to  get  it  on  the  air 
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because  I  wanted  to  test  it  through  my 
Henry  2K  linear  and  this  required  a  couple 
of  soldered  connections  to  the  power  plug 
on  the  400.  I  finally  found  a  soldering  gun 
out  in  the  back  of  the  bam  storage  area. 
Every  last  inch  of  solder  had  been  lifted  so 
I  had  to  go  downtown  for  that.  And  the 
mike  used  an  Amphenol  connector  which  I 
couldn^t  find  around.  Ev^ans  sent  one  down 
the  next  day  and  I  was  in  voice. 

My  first  contact  was  with  Bert,  ZL4IA, 
who  said  that  not  only  was  I  by  far  the 
loudest  signal  on  the  band,  but  that  the 
audio  sounded  excellent,  every  bit  as  good 
as  AM.  KR6JK  was  next,  and  Dave  said 
that  nay  signal  was  by  far  the  loudest  on  the 
band  and  tlie  audio  terifflc*  I  worked  about 
thirty  other  countries  during  the  evening 
and  in  no  case  was  I  able  to  get  am  thing 
but  excellent  reports.  I  tried  turning  up  the 
mike  gain  to  die  top  and  giving  the  Ampli- 
fied Automatic  Level  Control  a  workout. 
In  the  midwest,  where  my  signals  were 
booming  in  about  50  over  nine,  the  re- 
ports were  that  my  signal  was  about  3  kHz 
wide  on  the  lower  side  and  about  10  kHz 
on  the  higher  side.  That  seemed  to  me  to 
be  remarkably  good  considering  that  I  had 
ever>1:hing  wide  open  and  the  meters  were 
going  almost  oflF  scale. 

In  all,  Hallicrafters  has  turned  out  a 
beauty  of  a  transceiver.  It  is  one  which  will 
do  everything  the  hardened  phone  man 
could  ask-  It  doesn^t  go  all  to  pieces  when  a 
whalloping  signal  is  fust  off  frequency.  It 
is  nice  and  stable.  When  you  calibrate  it 
you  know  that  you  can  depend  on  the  dial 
telling  you  exactly  where  you  really  are  in 
the  band. 

If  you  like  your  CW,  as  many  of  us  do, 
vou  mav  have  been  frustrated  at  the  short 
shrift  that  many  of  the  present  day  trans- 
ceivers give  this  half  of  amateur  radio.  The 
SR-400  obviously  has  been  designed  by  a 
CW  man  for  CW  men.  With  all  those  fre- 
quencies opening  up  to  the  Extra  Class  li- 
censees this  coming  fall  lH  bet  that  a  lot 
of  you  will  be  wishing  your  transceiver  had 
some  of  the  abihlies  of  the  400. 

Phone  men  will  want  the  associated  HA- 
20  remote  VFO  unit.  This  permits  split  fre- 
quency operation  over  a  wider  range  than 
the  RIT  function,  letting  you  work  DX  sta- 
tions down  around  14,100  while  tiansmit- 
ting  above  14,200.  Most  of  the  time  I 
don*t  personally  feel  that  this  t>Tpe  of  op- 
eration is  in  the  best  interests  of  the  other 


fellows  trying  to  use  the  band,  but  I  recog- 
nize that  it  happens  and  when  it  does  you 
don't  want  to  have  to  swing  your  transceiver 
down  to  copy  the  DX  station  and  then  back 
up  to  the  U,S.  band  to  talk  back  to  him. 
You'll  do  this  about  once  before  you  call 
vour  distributor  and  get  the  HA-20. 

.  .  .  W2NSD/1 

Technical   Specifications 

Full  freaoency  coverajre  of  the  amateur  bands  in 
m^ht   ranges   from  3.5-^0   MHz. 

Types  of  EmiABion: 

SSB^ — selectable    USB/LSB     with    suppressed    carrier 

either  manual,  or  voice  controL 

CW — Keyed  RF  carrier  either  manual  or  break-in. 

Dial  Calibration: 

One  kHz  increments,  500  kHz  tuning  rangre. 

Frequency  Stability: 

Less  than  250  Hz  drift  In  first  hour,  after  a  fifteen 
minute  warm-up,  and  less  than  100  H^  per  hour 
thereafter. 

Power  Supply   Requirements: 

Model    PS-50O-AC   for   1 05-125 V   50/60   cycle   AC    base 
station     operation,      or     PS-500A-AC     for      1 17-234  V 
50/60  cycle  AC  base  station  operation. 
Model   PS-BOO-DC   for   12  VDC  mobile  operation. 

Transmitter 

Power  Output: 
SSB— 200    watts   PEP 
CW — 200   watts. 

Distortion  Products: 

30  db  sig^nal  to  distortion  ratio. 

Unwanted  Sideband  Rejection: 

50  db   below   desired  output. 

Carrier  Suppression. 

60  db  below  PEP  output. 

Receiver 

Crystal   Lattice  Filter: 

Six   pole,   aymmetrical   psssband.   Center  frequency    =: 

1661.4   kHz.   B/W   —   2.1   kHz    t3db>    B/W    =   4.2  kHa 

(50  dbK 

Sharp    CW   filter,   200   Hz    €    €    db. 

Notch  rejection,  up  to  SO  db. 

Antenna  Input: 

50  ohms  nominal. 
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13  USEFUL 
TRANSISTOR  CIRCUITS 

II  you've  teen  looking  for 
a  +ransistof  circyi+  to  do  a 
special  job,  chances  are  there 
is  a  cifcuit  m  this  book  that 
will  give  you  a  head  start* 
It  covers  circuits  for  audio, 
receivers,  transmitters  and 
test   equipment,  $1 


INDEX  TO  SURPLUS 

Do  you  have  a  piece  of  sur- 
plus equipment  that  you  want 
to  convert  but  can't  find  an 
article?  If  so,  this  is  the  book 
you  ne&d.  It  lists  all  of  the 
surplus  articles  and  conver- 
sions in  popular  electronic 
and  amateur  magazines  from 
1945  to  1966.  $1.50 


PARAMETRIC  AMPLIFIERS 

For  the  ham  who  wants  to 
work  DX  on  the  bands  above 
432  MHi,  there  is  nothing 
that  can  beat  the  gain  and 
noise  figure  of  a  paramp. 
This  book  shows  you  how  they 
work  and  how  to  build  and 
use  them.  Lavishly  illustrated 
with  photographs  and  draw- 
ings<  S3 


NAM  RTTY 

More  and  more  hams  are 
joining  the  RTTY  crowd  every 
day.  This  i  12-page  book 
gives  you  all  the  basics  and 
tells  you  what  you  need  to 
know  to  get  started  and  get 
on  the  air.  Written  by  W2- 
NSD    and   W4RWM.  $3 


BUY  73  BOOKS 
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VHP  AHTENNAS 

This  handbook  by  K5JKX  is 
a  complete  collection  of  in- 
formation about  VHF  and 
UHF  antennas,  with  design 
hints,  construction  and 
theory*  If  youVe  been  won* 
dering  what  array  you  need, 
this  book  will  give  you 
enough  background  to  make 
the  right  decision.  $3 


SIMPLIFIED  MATH 

Does  math  scare  you?  It 
shouldn't  in  this  easy-to- 
understand  book  K8LFI  ex- 
plains the  simple  exponent^ 
lal  systenn  of  arithmetiCi  sim- 
ple formulas,  logarithms,  and 
their  application   to  the  ham 

shack*  50c 


HAM  TELEVISION 

The  Amateur  Television  An- 
thology is  a  collection  of  the 
technical  and  construction  ar- 
ticles from  the  ATV  Experi- 
menter, edited  by  W0KY9, 
If  yo uVa  interested  in  ATV, 
this  Is  the  book  for  you*  It 
covers  the  gamut  from  the 
simple  to  the  complex  In 
amateur  television  equips 
ment,  $3 
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DIODE  CIRCUIT  HANDBOOK  by  WA1CCH. 

Will  drive  you  right  out  of  your  mind,  only  $!• 

CW  by  W6SFM   explains  code  and  how 

to  learn  It.  50c 


MILITARY  SURPLUS  TV  EQUIPMENT 

by   W4WKM    is   a    necessity   to   the 
plus-scrounging  ATV  addict. 


sur 


$1 


CUMULATIVE    INDEX   lists   all   the   ar. 
tides  in  73  up  through  December  1966. 
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Transistor    Circuits    $  1 .00 

index  to  Surplus  .„..,._,_,.,...$ I -50 

Para  metric  Ampfifiers  ^^ $3.00 

Ham  RTTY  ..„,„__.._„™„$3.00 

VHF  Antennas  .„.-...$3.00 

Simplified    Math   „„  ,„ $  50 

ATV    Anthology    ™.„.$3,00 

Military  TV  „„,.. _..4l-00 

umufative   Index   ..$  *25 
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Books  shipped  prepaid  rn  US  and  Canada, 
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CASETTE  TAPE  RECORDER 

After  testing  a  dozen  differenf  makes  of  cassette 
tape  recorders  we  found  that  the  Valiant  was  by 
far  the  easiest  to  use*  Ihe  fidelity  is  good  and  the 
push  button  system  outstandmg.  Has  battery  !eve! 
meter,  recordinq  level  meter.  Jack  for  feeding  hi-fi 
or  tv,  operates  from  switch  on  mike.  Great  for  re- 
cording DX  contacts,  friends,  at  the  movies,  parties, 
unusual  accents  and  things  fike  that.  Once  you  try 
it  you  will  be  using  it  like  a  caiTtBra*  Check  this 
price    anywhere,    it   Is   a    lufu! 

SPECIAL.  ONLY  $44.50  ppd 
24  HOUR  CALENDAR  CLOCK 

This  clock  redds  out  the  day,  date  and  time  ifi 
large,  easy  to  read  numbers.  None  of  that  tittle 
tiny  number  business  for  your  shack.  Set  this  up 
on  GMT  and  never  make  a  mistake  again  on  log- 
ging time  and  date.  B"x'iY2'\W2''*  brushed  aluminum 
case.  Synchronous  self-startinq  movement,  110  v  60 
cycles.  Make  your  operating  desk  look  outstanding 
with  this  new  type  of  clock. 

SPECIAL  $49.50  pp 


mm^ 


TRAVEL-CLOCK  RADIO 

Eight  transistor  clock  radio,  complete  with  clock, 
radio  alarm,  and  slumber  setting  1  Weighs  less  than 
M/2  pounds-  Great  gift  for  a  traveling  friend  or 
relative.  Or  yourself-  Earphone  for  private  listen- 
ing,   if  you   like.    Batteries   included. 

SPECIAL  ONLY  $17.95  pp 
AM-FM  DIGITAL  CLOCK  RADIO 

Here  is  something  entirely  new  in  clock  radios - 
a  digital  clock  plus  a  very  sensitive  AM-FM  with 
AFC  radio.  This  is  the  first  digital  clock  radio  ever 
imported  into  the  U.S,  The  radio  is  all  solid  state, 
of  course.  This  makes  a  wonderful  radio  for  the 
bedroom.  Price  clock  AM-FM  radios^  even  in  the 
bargain  fliers,  and  notice  the  amazing  low  price  for 
this  one 

SPECIAL  ONLY  $49.50  pp 
DESK  NAME  PLATE 

Your  name  and  call  on  a  beautiful  desk  plate  might 
normafly  cost  you  around  $10,  These  plates  are  wal- 
nut grained  and  are  available  with  up  to  20  letters 
and  spaces.  You  can  have  your  full  name  or  your 
first  name  and  Gall,  Immediate  delivery  on  all  orders. 
10"  long  by  about  I"  high.  Identify  your  station 
with  one  of  these   plates. 

SPECIAL  $2  pp 


I 

!    REDLINE,  Jaffrey,  H.H.  03452 
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Please  send  postpaid  the  foliowitig; 
check  enclosed. 


□  tap©  recorder 

n  travel  clock  radio 

□  clock  am/fm 

Name  &  call  --.- 


□  desk  clock 
n  name  plate 
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A  Low-Noise  FET  Converter 

for  50  MHs 
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Here  is  a  FET  converter  which  offers  the 
extremely  low  noise  figure  of  the  new  TIS 
88  transistor  J  as  well  as  good  cross-modula- 
tion  performance-  This  exceptionally  low 
noise  converter  should  be  vahiable  to  any- 
one interested  in  weak-signal  6-meter  recep- 
tion. The  TIS  88  has  a  noise  figure  of  0.8 
db  at  50  MHZ  and  sells  for  $1.75  in  single 
quantities.  The  abifity  to  get  below  the  at- 
mospheric and  man-made  noise  at  50  MHz 
to  dig  out  the  weak  ones  will  be  especially 
attractive  for  receiving  skip  signals  during 
the  approaching  sun  spot  maximum.  In  tliis 
converter,  the  stability  of  a  cascode  rf  stage^ 
plus  a  TIS  34  mixer  stage  biased  near  cut- 
off insures  high  rf  and  mixer  gains  plus 
good  overload  controL  The  author  also  offers 
an  optional  bias  circuit  for  the  rf  stage 
for  those  confronted  with  unusual  antenna 
overload  problems.  The  FET  local  oscillator 
should  also  be  of  interest  to  the  ham  build- 
er, since  there  have  been  few  FET  receiver 
oscillators  in  the  current  ham  literature.  In 
summary,  the  clean,  crisp  reception  qualities 
of  this  FET  converter  should  be  pleasing  to 
everyone  interested  in  6-meter  signals.  The 
builder  should  be  quite  happy  with  the  ex- 
cellent performance  of  this  unit. 

Circuit  description 

The  rf  stage  is  a  typical  cascode  circuit 
using  a  TIS  88  input  and  a  TIS  34  output 


by  Robert  D.  Morrison    WB6YVT 
623  Sonoma  Ave. 
Livermore^  Calif,  94550 

The  TIS  88  is  a  plastic  version  of  the  re- 
markable 2N44 16,  while  the  TIS  34  is  a 
plastic  version  of  the  popular  2N3823*  The 
cascode  does  not  have  a  better  noise  figure 
than  a  single  neutralized  stage  but  was  se- 
lected  primarily  for  its  better  inherent  sta- 
bility. 

The  TIS  34  mixer  stage  is  biased  near 
cutoff  for  high  local  oscillator  injection  and 
conversion  gain*  Tliis  type  of  bias  also  pro- 
vides good  overload  control  and  allows  high 
rf  stage  gain-  The  cross-modulation  distortion 
of  the  FET  remains  low  even  near  cutoff. 
A  TIS  34  is  used  in  a  series-mode  local 
oscillator  circuit.  This  type  of  circuit  is  rec- 
ommended for  overtone  crystals.  The  oscil- 
lator tank  output  voltage  at  a  2K  load  is 
about  10  volts  peak-to-peak.  The  crystal 
frequency  of  43.000  MHz  produces  a  con- 
verter if  output  of  7  to  11  MHz.  This  par- 
ticular if  frequency  range  was  selected  for 
the  following  tw^o  reasons.  First,  the  con- 
verter should  work  well  in  this  frequency 
range  with  low  price  receivers  which  usually 
have  hmited  gain  and  frequency  stability 
frcm  14  to  18  MHz.  Secondly,  the  58  MHz 
carrier  of  a  local  channel  2  TV  station  can 
produce  an  apparent  50.0  MHz  image  if  a 
14-18  MHz  if  frequency  is  used.  In  this  case 
a  58  MHz  antenna  trap  is  required  at  the 
converter  input.  This  reduces  the  sensitivity 
of  the  converter.  However  a  7-11  MHz  if 
frequency  eliminates  the  need  for  such  a 
trap. 

Construction 

Two  plain  aluminum  chassis  boxes  were 
used.  A  4''  X  2K"  %  2T  (LMB  No.  107) 
box  was  bolted  to  the  bottom  of  a  7"x 
5"x3"  (LMB  No.  EL  753)  box  to  foim 
three  partitioned  compartments.  The  cen- 
ter mixer  compartment  physically  separates 
the  local  oscillator  and  rf  stages.  This  con- 
figuration reduces  local  oscillator  pickup  and 


52 


73  MAGAZINE 


I 


OUTPUT 


INPUT 


iNe2 


ooia 


rif*|H^ 


BJISE   DlftgRAM 


Ffg,  1.  Schematic  diagram  of  [he  converter.  All  resistors  are  Vi-wait  carbon.  All  bypass  capacitors  are 
disk  ceramic.  Dipped  silver  mica  capacitors  are  preferred  for  capacitance  values  below  100  p/-,  hut  disk 
ceramics  are  acceptable  unless  otherwise  specified.  The  1  p/.  dipped  silver  mica  capacitors  are  made  by 
Cornell-Dubilier,  For  best  sensitivity^  connect  the  TIS8B  source  directly  to  a  ground  lug  as  at  A,  For 
better  overload  control,  connect  the  1A'191  (or  1A^192)  diodes  across  J j  as  at  CX^  and  then  connect  the 
TIS88  source  to  the  330  ohm    (.005  m/,)    bias  network  as  at  B, 


amplification  through  the  rf  stage. 

An  electrically  continuous  circuit  ground 
from  input  BNC  receptacle  to  output  BNC 
receptacle  has  been  provided  l:)y  size  18  bus 
wire.  All  mechanical  connections  of  wire^ 
lugs,  screws,  and  even  BNC  receptacle  base 
are  soldered  over  to  provide  this  electri- 
cally continuous  ground  circuit.  This  tech- 
nique may  seem  redundant  but,  in  low  noise 
circuitry,  it  is  not  particularly  wise  to  de- 
pend upon  mechanical  comiections  for  elec- 
trical continuity.  Ground  currents  from  one 
circuit,  in  general,  should  not  enter  the 
ground  circuits  of  another  circuit.  This 
ground  current  isolation  is  most  easily 
achieved  by  using  only  one  grounding  point 
for  each  circuit* 

Transistor  sockets  are  not  used.  The  tran- 
sistor leads  are  soldered  directly  to  ceram- 
ic base  standoff  insulators  (Useco  1460B), 
The  transistors,  barring  electrical  accidents, 
should  never  require  replacing.  Since  the 
converter  input  is  at  dc  ground,  the  TIS  88 
should  be  well  protected  from  dc  over- 
voltages.  The  builder  who  is  concerned  with 
rf  overv^oltages  or  an  unusualK'  strong  sig- 
nal can  protect  the  input  with  the  op- 
tional diode  and  bias  circuit  described  in 
the  schematic  diagram.   These  optional  cir- 


cuits wiU  produce  a  very  sUght  decrease  in 
converter  sensitivity. 

Ceramic  slug  tuned  coil  forms  are  used 
throughout.  Coil  losses  are  most  important 
in  the  input  stage.  A  slight  improvement 
in  noise  figure  might  be  obtained  by  re^ 
placing  the  input  coil  and  fixed  capacitor  with 
an  air  core  coil  and  ceramic  base  air  ca- 
pacitor. The  air  c^re  coil  i^hoiild  be  of  large 
size  wire  and  can  be  enameled,  silver- 
coated,  or  bare*  Tinned  wire  is  not  rec- 
ommended. The  coils  should  be  at  least 
one  diameter  distant  from  other  objects* 
However,  air  core  coils  are  not  actually 
necessary  since  the  converter  already  has 
a  lower  noise  figure  (2  db  or  less)  tlian 
can  ever  be  used  at  the  fairly  low  frequency 
of  50  MHz  with  its  high  atmospheric  noise 
leveh 

The  %"  nut  and  bolt  in  the  mixer  se- 
lection is  used  only  to  fill  a  hole  in  the 
chassis.  This  hole  has  been  used  to  hold 
an  rf  gain  control  A  100  K  or  I  Meg 
(audio)  taper  pot  had  been  installed  from 
mixer  gate  to  ground  and  it  provided  several 
decades  of  good  gain  control.  However,  the 
mixer  stage  is  now  biased  near  cutoff,  and 
tlus  should  provide  enough  overload  control 
for  all  but  the  most  unusual  situations*  No, 
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Inside  the  converter,  rf  stage  on  right;  mixer  in 
center;  oscillator  on  left, 

18  wire  has  been  used  in  many  places  merely 
to  obtain  high  mechanical  rigidity.  This 
rigidity  adds  frequency  stal)ilit\^  to  critical 
regions  such  as  the  oscillator  and  neutrali- 
zation circuits. 

Finally,  the  outside  of  the  aluminum  chas- 
sis can  be  rubbed  with  sandpaper  or  steel 
wool  to  give  it  a  pleasing  white  satin  ap- 
pearance. 

Alignment 

First  of  all,  it  is  important  that  the  pow- 
er supply  or  battery  have  the  right  polarity 
when  plugged  into  the  converter.  A  med- 
ium current  diode^  watli  a  P.LV.  of  50  volts 
or  more  has  been  set  in  series  with  the 
power  input  to  prevent  damaging  the  tran- 
si.stors.  The  converter  will  operate  well  for 
voltages  in  the  range  of  10-25  volts. 

Connect  the  converter  output  to  the  re- 
ceiver with  a  shielded  cable.  Without  a 
shielded  cable,  7-11  MHz  atmospheric  noise 
may  mask  the  converter  signals.  Next  con- 
nect a  signal  generator  to  the  converter  in- 
put. Set  the  generator  at  52  MHz,  Set  all 
tuning  slugs  at  mid-range*  Adjust  tlie  os- 
cillator coil  slug  until  the  signal  generator 
signal  **kicks"  in.  Then  peak  the  mixer  out- 
put, mixer  input,  rf  output,  and  rf  inputs 
in  that  order-  The  oscillator  coil  may  need 
additional  peaking  as  the  other  coils  are 
adjusted.  Since  the  cascode  rf  stage  is  de- 
signed for  high  gain,  it  may  be  in  oscilla- 
tion at  this  point.  Careful  adjustment  of 
the  neutralization  coil  La  should  stop  the 
oscillation  and  bring  the  desired  signal  in 
loud  and  clear.  Neutralization  of  triode  t>^pe 
receiver  circuits  can  be  diflBcult  especially 
for  the  inexperienced  builder.  However,  once 


Parts  Dafa 

SM — Dipped  silver  miea^ 

La — &Vt   I  urns  No.  24  pnam<  wire  closewound  on  %  in, 

(ItaiD.   slug  tuned   form.  Tnp    1%    turns    from   ^nd. 

end.    (Miller  4500^3), 
La — 10  uh.   molded   r.f.  choke    (Miller  9230-44). 
La— Slug-tuned,  9,9   to  15.0   uh.    (Miller  4506). 
L4,    Ij5.   L^j,    Ltj   L» — Slug-tuned,    .44  to  .76   uh.    (Miller 

4501). 
Ls — 2\^   turns  Ko.  22  insulated  wire  wound  around  L». 

Winding  dire^ction  same  as  Ls, 
RFCt,    BFih—22   uh.   molded   rJ.    choke    (Miller   9230- 

52), 
CRi — Silicon  diode   (optional),  50  P.LY.  niinimiim,  200 

nut.  niin. 
Ja.  J 4 — -Banana  jack. 

Ct— 15  to  130  pf,  mica  padder  (Arco-Elmenco  302). 
Ji,   J  a — BNC  receptacle.s. 
XTAL — 43.000     MH?,,     lliird-overtone,     series     resonant 

crystal 


the  neutralization  technique  is  learned  and 
tlie  circuit  stabilized,  the  low  noise  per- 
formance of  the  triode  stage  more  than  com- 
pensates for  the  tedium  of  neutralization. 
Tapping  of  the  bare  finger  on  the  rf  stage 
output  coil  should  produce  a  loud  clunk  in 
the  receiver  speaker  and  a  jump  in  the 
S-meter.  While  so  tapping  the  finger,  the 
neutralization  coil  should  be  adjusted  for 
smallest  clunk  in  the  speaker  and  smallest 
jump  in  the  S-meter.  This  will  be  the  ap- 
proximate neutralization  point,  and  the  stage 
should  be  stable.  Remove  the  signal  gener- 
ator and  replace  it  with  an  antenna.  The 
atmosplieric  iioise  can  be  used  for  the  fine 
adjustments  of  all  previously  peaked  cir- 
cuits. A  50  ohm  noise  generator  can  be 
used  to  obtain  the  very  lowest  noise  figure. 

At  VHF  frequencies,  tuned  circuits  are 
quite  sensitive  to  component 
The  geometry  of  the  builder's 
differ  somewhat  from  that  of 
so,  to  properly  cover  the  50 
range,  it  may  be  necessary 
change  some  of  the  values  of  the  capacitors 
in  the  various  tank  circuits.  It  may  also  be 
necessary  to  change  the  value  of  the  RFC 
L^  used  in  the  neutralization  circuit. 

If  a  TIS  34  with  an  extremely  small  gate- 
to-source  cutoff  voltage  is  used  for  the  mix- 
er^  the  local  oscillator  injection  level  may 
be  too  high.  This  will  cause  cross-mod ul a-* 
tion  distortion  and  a  profusion  of  clunks 
and  bleeps  across  the  band.  This  could  be 
remedied  by  changing  the  values  of  the 
coupling  capacitors  Cn  and  Cis,  However, 
for  most  cases,  it  should  be  enough  to 
merely  try  other  TIS  34's  mitil  the  distor- 
tion ceases. 

The  converter  is  designed  for  50  ohm 
and  output  impedances.  If  the  receiver  used 
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does  not  have  a  50  ohm  inputs  the  number 
of  turns  of  L?  should  be  adjusted  for  max- 
imum gain 

The  measured  converter  noise  figure  is 
about  2  db  or  less.  The  measured  converter 
gain  is  about  30  db.  Further  reductions  in 
noise  figure  could  be  obtained  by  the  se- 
lection of  an  especially  quiet  TIS  88,  and 
by  the  use  of  a  very  high  Q  coil-capacitor 
combination  at  the  converter  input.  How- 
ever, a  2  db  noise  figure  is  more  than  ade- 
quate for  six-meter  work. 

Since  the  converter  gain  is  high,  an  un- 
usually strong  signal  may  cause  the  con- 
verter to  overload  the  communications  re- 
ceiver xised  as  the  //  ampUfier.  This  over- 
load problem  can  be  avoided  by  placing  an 
attenuator  between  the  converter  output 
and  receiver  input. 

I  would  like  to  thank  Texas  Instruments, 
Inc.  for  the  sample  TIS  88  transistors  used 
in  the  development  of  this  converter. 

WB6Y\T 
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Hy-Galn  Announces  New 
6-Element  Tribander 

Hy-Gain  Electronics  Corporation,  Lincoln, 
Nebraska  68501  has  announced  a  new  6* 
element  tribander  beam.  The  Super  Thunder- 
bird  TH6DXX,  for  10,  15,  and  20  meters, 

A  new  feature  is  a  cast  aluminum,  uni- 
versal tilt-head  boom  to  mast  bracket  that 
accommodate  masts  from  PA"  to  2V2"  and 
allows  easy  tilting  for  installation,  mainten- 
ance and  tuning*  It  also  provides  mast  feed- 
thru  for  beam  stacking. 

Another  exclusive  Hy-Gain  feature  is 
taper- swaged,  slotted  seamless  aluminum 
tubing  on  all  elements  which  allows  easy 
adjustment  and  re-adjustment  Taper-swag- 
ing permits  larger  diameter  tubing  where 
strength  is  important  and  less  wind  loading 
at  the  tips.  Full  circumference  compression 
clamps  are  mechanically  and  electrically 
superior  to  self -tapping  sheet  metal  screws. 

All  Hy-Gain  Thunderbird  beams  incor- 
porate the  Hy-Gain  invented  Beta  Match 
system  for  balanced  input,  optimum  match- 
ing on  all  3  bands  and  dc  ground  to  ehmi- 
nate  precipitation  static.  And,  new,  improved 
separate  HY-Q  Traps  on  each  band. 

The  Super  Thunderbird  specs  include  up 
to  9.5db  forward  gain,  25db  front- to-back 
ratio,  SWR  less  than  T5:l  on  all  bands,  and 
a  24  foot  boom  (none  longer  in  the  indus- 
try). 

Hams  interested  in  furtlier  information 
should  wi'ite  to  Hv-Gain. 
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allocations.  Includes  multiple- 
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Neutralisation! 


Roy  A,  McCarthy,  K6EAW 
737    W.  Maxzim  Ave. 
Fulkrton,  Cat  92632 


*f^ 


'Neutralize:  to  make  of  no  effect  by 
some  opposite  force;  counterbalance. i"  Ob- 
viously, this  is  of  concern  in  amateur  radio 
transmitters,  to  prevent  self-oscillation  in 
amplifier  stages.  The  receivers,  using  super- 
heterodyne circuits  and  pentode  or  tetrode 
tubes,  have  not  generally  required  neutrali- 
zation on  the  individual  stages,  Well^  not 
until  the  advent  of  the  triode  transistor.  In 
fact,  not  since  the  earlv  30's. 

To  obtain  oscillation,  and  substain  it,  re- 
quires a  gain  of  at  least  one,  and  feedback 
in  phase  witli  the  input.  Let  us  consider 
tiien,  a  typical  grounded  cathode  amplifier, 
as  has  been  simplified  in  Fig.  1.  Assuming 
the  grid  and  plate  tank  circuits  are  tuned 
to  resonance  at  the  operating  frequency, 
where  is  the  feedback  path?  Since  tlie  tube 
reverses  the  phase  by  180%  any  feedback 
througli  the  grid-to-i^late  capacitance  would 
approach  ISO*  If  this  capacity  is  large,  or 
90'  if  it  is  smalL  As  it  works  out,  tubes 
with  the  larger  grid-to-plate  capacity  seem 
to  be  the  greatest  offenders.  That  is  why 
tetrode  and  pentode  tubes  were  developed- 
to  cut  down  the  interelectrode  capacity. 
But,  this  fedback  is  ISO*"  out,  negative  feed- 
back, is  it  not?  So,  we  go  to  the  bottom 
of  the  tank  circuit,  either  grid  or  plate^  and 
send  back  a  podt'we  feedback  signal  to 
counterbalance  it.  Or,  do  we?  If  the  circuits 
in   grid  and   plate   are   tuned   to   resonance, 

hence  no  phase  shift. 
Uic  phase  180°,  so  the 
the  grid-plate  capacity 
zero.  Take  a  grounded 
however,  and  with  tlie 
same  conditions,  the  feedback  does  approach 
zero  phase  shift.  Although  the  grid  acts 
as  a  shield  between  the  two  tuned  circuits  in 
this   case,   stray   capacitance    (or   other  un- 


-^ti. 


they    are    resistive, 
The   tube  reverses 
f  e  edb  ack    th  rou  gh 
can't   possibly    be 
grid    configuration. 


Fig.  2.  Grounded  grid  circidi. 


Fig.  L  Typical  grounded  cathode  amplifier  circuit. 


expected    impedances)    may    create    oscilla- 
tions. 

We  certainly  do  tune  the  circuits  to  re- 
sonance, so  there  must  be  another  exphma- 
tion.  There  is!  The  circuits  tend  to  oscillate 
at  another  frequency  where  the  gain  and 
phase  shifts  add  up  to  the  requhed  specifi- 
cations, 1  &  0,  respectively.  This  is  why,  on 
the  CW  bands  in  particular,  you  may  hear 
harsh  broad  key  clicks,  yet  no  carrier  is 
present.  Tune  50  or  100  kHz  away  and 
you  may  find  the  carrier  that  is  being  keyed, 
with  only  a  trace  of  clicks.  As  the  tube 
is  keyed,  its  gain,  and  the  eff^ective  grid- 
plate  capacity  (which  are  interrelated  at  rf 
frequencies)  also  vary.  At  some  points  they 
hit  a  happy  medium  and  random  oscilla- 
tions occur*  The  effective  C^p  is  the  product 
of  the  gain  and  the  static  C^p.  The  effective 
gain  is  determined  in  part  by  the  negative 
feedback  through  Citu  Except  for  the  un- 
fortunate circumstance  where  the  circuit  is 
not  so  heavily  loaded  that  it's  reactance  is 
negligible  over  a  broad  band-  Then  phase 
shift  sets  in  and  oscillations  occur.  And 
people  promptly  tell  you  to  add  a  capacitor 
from  the  other  end  of  the  plate  tank  back 
to  the  grid.   (Ca), 

This  is  positive  feedback,  at  the  operating 
frequency,  but  it  is  compensated  for  by  the 
negative  feedback  through  tlie  tubes  inter- 
electrode capacity.  That  is,  at  your  operating 
frequency.  At  other  frequencies,  it  is  nega- 
tive feedback  (hopefully).  Any  filter  has 
phase  shift,  and  the  grid  and  plate  tank 
circuits  are  definitely  no  exception.  The 
higher  the  Q,  the  greater  the  phase  shift 
near  the  operating  frequency.  And  naturally 
the  gain  is  higher  closer  to  the  operating 
frequency,  since  the  circxiit  is  designed  to 
match  the  amplifier,  be  it  tube  or  transistor. 
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With  all  the  possible  stray  impedances  pres- 
ent in  an  amplifier  using  a  high  Gm  tube 
at  the  higher  frequencies,  proper  neutrali- 
zation is  extremely  drEBcult,  and  mav  re- 
quire  a  combination  of  two  or  more  methods. 
But  jexc  of  them  use  negative  feedback  at 
the    intended    operating    frequency. 

By  referring  to  the  grounded- grid  sche- 
matic, it  will  be  noted  that  this  configuration 
does  not  reduce  the  problem  of  grid-to- 
plate  capacity,  it  eliminates  it.  The  remain- 


ing problem  is  cathode-to-plate  capacity^ 
and,  of  course,  grid  lead  inductance.  In  one 
recent  article*  the  author  claimed  "any 
plate^grid  capacitance  now  feeds  the  signal 
back  in  wrong  phase  to  regenerate,"  I 
couldn't  agree  more.  It  feeds  it  straight  to 
ground,    ■ 

,  .  .  K6EAW 

References:   L  World  Book  Dictionary. 

2.  ham  radio,  April  '68,  page  18. 


u 


Yeah,  man,  like  73" 


Defi-Gram  Answer 

A  carrier  wave  which  is  used  to  modu- 
late another  carrier  or  an  intermediate  sul)« 
carrier*— subcarrier  .  •  ,  KIOXK 


DANGER 

73  Transistor  Circuits  has  driven 
hundreds  of  amateurs  right  out  of 
their  minds  with  joy.  Do  not  send 
$  I  for  this  dangerous  book.  Do  not 
send  It  to:  73  Magazine,  Peter- 
borough NH  03458. 


DUAL  GATE  MOSFET 

PRE-AMPS 


to   175 

to  300 
fo  400 
+o  450 


Mhz, 

Mhi. 
Mhz, 
Mhz. 


$19,95  ppd; 

$23.95  ppd. 

$27.95  ppd, 

$3L95  ppd. 


•  Ayalldbfe  from  5  MHz,  to  4B0  MHz.  Bandwidth  h 
approximately   5%   of  frequency. 

•  Two  DuoV  Gate  MOSFET  amplifier  stages  with  each 
having  a  tuned  fnput  and  tuned  output.  Each  Dual 
Sate  MOSFET  is  actually  an  integrated  cascode  cir- 
cuit thus  giving  you  2  cascode  circuits  equivaEent 
fo  4  triodes. 

•  Exceptionafly  low  noise  [2.5  DB  at  l75MHi,).  great- 
ly reduced  cross  modulation  and  IQ  times  the  dy- 
namic range  (signal  handling  capability)  of  the  best 
bi-polar  transistors,  Afso  superior  to  preamps  using 
junction    FETs    and    Single    Sate^   MOSFETs. 

•  Interna)  connectrons  for  high  impedance  AGC  or 
manual    qain   control   Tf   needed. 

•  Type  BNC  input  and  output  receptacles  for  minimum 
foss  af   UHF.  Standard    impedance  h  S0-7B   ohms. 

•  Carefully  tuned  at  our  laboratory  with  sweep  genera- 
tor and  oscilloscope  for  the  best  bartdpass  character- 
istic. 

•  Full   wave    UHF  diodes  protect   ii^put  fransfstof. 
m   Operates  on  i  to   \6  volts  DC,  5  to    IS   Ma. 

VANGUARD  LABS 

Dept.  H 
196-23  Jamaica  Ave.,  Hollis,  NY  11423 
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Getting  Your 
Higher  Class  License 


Part  VII  —  Measurements 


In  the  preceding  six  installments  of  this 
study  course  for  tlie  Advanced  Class  license 
exams,  we've  leaned  heavily  on  theory— be- 
cause the  point  of  the  whole  series  is  to  pro- 
vide the  additional  theory  you'll  need  to  pass 
the  examl 

But  all  this  theory  must  be  tempered  some- 
what with  its  practical  applications.  Any 
practical  application  of  any  part  of  the  theory 
is  going  to  involve  some  type  of  measurement 
—  even  though  we  may  not  reahze  that  we're 
making  it. 

For  ex  ample  J  simply  tuning  a  receiver  is 
making  a  measurement  of  the  receiver  local 
oscillator's  frequency;  when  a  station  is  tuned 
in  "on  the  nose,"  the  receiver  oscillator  Is 
operating  at  a  '^measured"  frequency.  Just 
what  the  measurement  may  mean  is  a  differ- 
ent question. 

Most  measurements  we  make  are  more  de- 
liberate than  that;  we  may  measure  time  in 
order  to  make  our  log  entries,  frequency  in 
order  to  stay  within  the  band  limits,  current 
in  order  to  tune  our  transmitters ^  and  voltage 
(via  the  S-meter)  to  check  received  signal 
strength. 

The  Commission  recognizes  the  importance 
of  measurements  in  practical  applications  of 
theory,  and  several  questions  deahng  directly 
with  measurement  are  included  on  the  FCC 
study  guide.  Among  them  are  (numbers  are 
from' the  FCC  list): 

10.  How  close  to  the  edges  of  a  certain 
amateur  band  can  you  safely  operate 
a  VFO-equipped  CW  transmitter  if 
you  are  using  a  frequency  meter  which 
has  a  maximum  possible  error  of  0.01 
percent? 

16,  What  do  oscilloscope  patterns  showing 
25%  modulated  signals  (with  no  dis- 
tortion) look  like?  50f  73«? 

22.  What  are  Lissajous  figures  in  oscillo* 
scope  operation?  What  patterns  would 
be  produced  on  the  oscilloscope  if  the 


signal  applied  to  the  horizontal  input 
has  a  frequency  equal  to  2  times  the 
frequency  of  the  signal  applied  to  the 
vertical  input?  3  times?  4  times? 
37,  Should  a  voltmeter  have  high,  or  low, 
internal  circuit  resistance?  Explain. 

These  four  questions,  with  their  many 
parts,  actually  span  almost  the  entire  art  of 
making  electrical  measurements.  As  usual, 
we'll  re-phrase  them  to  make  the  basic  points 
a  little  more  obvious,  and  move  the  emphasis 
from  that  of  specific  answers  to  specific  prob- 
lems over  to  that  of  the  general  reasoning 
behind  typical  problems. 

The  first  question,  in  this  phase,  must  be 
"Wliat  is  measurement'?",  for  most  of  us 
probably  think  of  it  as  something  more  than 
it  actually  is. 

Directly  following  from  the  first  is  the  sec- 
ond, "How  are  measurements  made?'\  The 
third,  *'How  accurate  can  measurements  be?", 
naturally  accompanies  the  second.  One  of  the 
remaiiuog  key  factors  is  the  question,  "Can 
a  measurement  affect  itselF?*\  and  of  vital 
practical  point  is  the  final  question  of  our 
paraphrased  group:  "What  are  measurement 
^standards?" 

Ready?  Let*s  go. 

What  Is  "Measuremenfy  The  word  *'meas- 
urement"  means  many  things  to  many  per- 
sons, but  most  of  us  tend  to  think  of  it  as  a 
process  including  more  than  it  actually  does, 

A  measurement  cannot  be  anything  more 
than  a  comparison  of  two  like  quantities,  to 
determine  whether  they  are  equal,  and  if  not, 
which  is  greater.  The  mythical  scales  of  Jus- 
tice are  a  typical  example  of  measurement  at 
its  most  rudimentary  level. 

One  of  the  two  quantities— the  one  which 
we  are  "measuring"— is  unknown.  The  other, 
hopefully,  is  known,  and  we  call  it  "standard" 
against  which  we  are  measuring  the  unknown. 

When  our  comparison  device  is  able  only 
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Fig,  1 — Comparison  of  the  unknown  quantity  {such 
as  the  weight  of  the  letter)  and  a  known  standard 
(the  1 -ounce  weight)  forms  the  basis  of  all  meas- 
urements.  Any  measuring  instrument  which  does 
not  have  the  comparison  standard  within  itself  is 
merely  acting  as  an  indirect  comparison  device* 
In  this  case^  the  initial  comparison  to  a  standard 
is  known  as    ^^calibration**   of  the  instrument. 

to  indicate  exact  correspondence  and  relative 
unbalance^  we  must  have  not  just  one  but 
many  "standards",  each  of  which  bears  some 
relation  to  the  others.  Staying  with  weight 
and  scales  for  our  example,  we  would  need 
not  only  1-pound  standards  but  also  1-ounce, 
2-ounce,  4-ounce5  8-ounce^  2-pound,  4-pound^ 
and  8-pound  standards  in  order  to  be  able  to 
*  measure"  unknown  weights  from  1  ounce  to 
16  pounds  within  1-ounce  accuracy. 

Some  comparison  devices  are  able  to  indi- 
cate the  amount  of  unbalance  more  precisely; 
well  get  to  them  a  bit  later.  The  point  we're 
looking  at  now  is  the  fact  that  all  measure- 
ments are  forms  of  comparison  against  stand- 
ards. Sometimes  the  measurement  includes  a 
counting  action  (as  in  measurement  of  time 
fay  a  clock)  but  the  comparison  to  a  defined 
standard  is  always  involved. 

In  ancient  history,  the  standaids  were  con- 
siderably less  precise  than  those  we  use  to- 
day. The  biblical  standard  of  length,  for  in- 
stance, was  the  cubit— which  was  the  length 
of  a  man\s  forearm.  Just  how  many  cubits 
long  a  wall  happened  to  be  depended  upon 
whose  arm  was  used  to  establish  the  stand- 
ard. As  recently  as  the  middle  ages,  the  eng- 
lish-standard  ''foot"  (which  today  is  defined 
as  12  inches)  w^as  defined  as  the  length  of  the 
right  pedal  extremity  of  the  reigning  monarch 
—and  varied  all  over  the  kingdom  when  a 
new  King  took  the  throne. 


Our  elecbical  standards  are  much  more 
precise,  even  if  they  do  happen  to  be  phrased 
in  the  language  of  physics.  A  volt  is  defined 
as  the  potential  produced  by  a  specified  type 
of  primary-standard  cell.  An  ohm  is  defined 
as  the  resistance  of  a  particular  and  highly- 
specified  conductor.  An  ampere  is  defined  as 
the  current  required  to  electroplate  a  given 
quantity  of  silver  out  of  a  solution  of  speci- 
fied strength*  Additionally,  each  of  these 
standard  "units  of  measurement^'  is  defined 
in  terms  of  each  of  the  others  by  means  of 
Ohm^s  law,  and  the.  whole  system  of  physical 
units  is  geared  together  so  that  all  the  equa- 
tions of  physics  hold  true. 

When  we  measure  a  voltage  in  a  circuity 
though,  we  aren't  performing  any  such  direct 
comparison— and  what  we  actually  measure  is 
not  voltage,  but  length!  How  this  can  tell  us 
the  voltage  in  the  circuit  is  what  the  next 
question  is  all  about 
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fig,  2 — In  olden  days,  standards  were  a  bit  less 
precise  than  those  we  use  today*  The  standard  of 
length  in  England  through  the  Middle  Ages^  for 
instance,  was  the  King^s  right  fool — whence  comes 
the  name  of  the  unit.  This  was  some  slight  hard- 
ship to  surveyors  when  the  reign  changed^  but  most 
people  could  live  with  it  and  those  who  couldn^t, 
didnh^   courtesy  of  the  royal  executioner^ 

Hoiv  Are  Measurements  Made?  If  measure- 
ment means  only  a  comparison  of  an  unknown 
quantity  against  a  standard,  how  can  it  be 
possible  for  us  to  measure  the  voltage  in  a 
circuit  by  using  a  voltmeter  which  does  not 
contain  any  standard  voltage  source  against 
which  the  unknown  can  be  compared? 

The  answer,  surprising  though  it  may  be, 
is  that  it's  not*  We  speak  of  measuring  volt- 
age, but  we  don't.  What  we  actually  measure 
is  length— the  distance  across  the  meter  face 
ti*avelled  by  the  needle— and  the  comparison 
standard  is  the  printed  scale  under  the 
needle. 

How  can  length  indicate  voltage?  Again,  it 
doesn't;  what  it  does  indicate  is  power.  In  the 
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ordinary  moving-coil  meter  movement,  the 
electrical  quantity  which  is  measured  is  pow- 
er. This  power  forces  the  meter  needle 
against  a  spring  in  some  cases,  but  in  more 
sensitive  meters  the  power  is  only  capable  of 
pushing  the  needle  partway  across  its  scale. 
The  deflection  of  the  ncjedle  is  proportional  to 
the  applied  power,  and  since  the  meter  is  of 
fixed  construction,  the  distance  travelled 
across  the  scale  by  the  needle  can  be  used  to 
indicate  the  power* 

We  normally  calibrate  meters  to  indicate 
either  voltage  or  current,  rather  than  power; 
in  a  circuit  of  fixed  resistance,  though,  either 
voltage  or  current  may  control  the  amount  of 
power  available.  If  the  rfrcuit  resistance  is 
low,  then  current  is  usually  the  controlling 
factor.  If  circuit  resistance  is  high,  voltage  in- 
dications are  obtained.  One  rather  unusual 
result  of  this  is  tlie  fact  that  a  miUiammeter, 
calibrated  for  current,  can  be  used  without 
any  modifications  for  measurement  of  ex- 
tremely low  voltages.  If  the  resistance  of  the 
meter  movement  itself  is  100  ohms,  for 
instance,  and  full-scale  deflection  is  obtained 
with  1  mA  of  current,  then  the  meter  may 
also  be  used  as  a  voltmeter  in  the  range  from 
0  to  1/10  volt.  When  1/10  volt  is  appUed  to 
a  lOO-ohm  resistance,  the  resulting  current 
flow  is  1  mA— and  that's  full-scale  deflection 
for  the  meter.  At  least  one  commercial  VOM 
makes  use  of  this  capability  to  provide  a  very- 
low-voltage  range. 

Don't  become  confused  by  this  approach— 
the  power  used  by  the  meter  is  not  related  to 
the  power  consumed  by  the  circuit  being 
tested.  To  measure  power  consumption  of  the 
circuit,  two  meters  are  normally  required;  one 
measures  the  current  flowing  through  the  cir- 
cuit and  the  other  measures  the  voltage.  Cer- 
tain special  meter  movements  have  been  built 
(mostly  for  ac  uses)  to  combine  both  these 
measurements  in  a  single  meter^  and  indicate 
power  directly  on  the  scale,  but  you  are  not 
likely  to  run  into  any  of  these  meters  in  prac- 
tice. 

The  type  of  measurement  weVe  been  ex- 
amining thus  far  in  this  section  can  be  called 
"indirect**,  since  we  are  not  making  a  direct 
comparison  and  so  are  not,  in  the  strictest 
sense  of  the  word,  measuring  what  we  think 
we're  measuring.  Indirect  measurement  can 
be  summarized  in  the  idea  that  we  actually 
measure  something  which  is  related  to  the 
quantity  we  want  to  know.  The  process  of 
establishing  that  relation  so  that  we  can  trust 
our   instruments  is  knowTi   as   "calibration", 
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Fig. 


\0  V  BATTERY 
Wheatstone    bridge    circuit    shows    direct 


comparison  measurements.  Figures  in  drawing  are 
typical  on!}\  If  adjustable  ratio  arms  of  bridge 
divide  the  10-volt  source  into  6  and  4  volts  re- 
spect ii  el  y  {3  to  2  resistance  ratio)  while  unknown 
and  standard  together  divide  it  into  7  and  3.  the 
I'Voh  difference  appears  across  the  meter  and 
causes  the  needle  to  deflect.  When  the  ratio  arms 
are  adjusted  to  aho  provide  7-3  voltage  division^ 
no  voltage  exists  across  meter  and  deflection  is 
zero.  At  this  lime,  unknown  bears  same  relation 
to  standard  as  left-hand  ratio  arm  does  to  right- 
hand  ratio  arm.  This  performs  direct  comparison 
of   unknown    and  standard. 


and  could  be  the  subject  of  an  article  in  it- 
self* Most  often,  calibration  is  accomplished 
by  making  a  "direct"  measurement  and  an 
"indirect*  measurement  at  the  same  time,  and 
adjusting  the  "indirect"  instrument  as  re- 
quired to  make  its  reading  correspond  with 
that  obtained  directly. 

*' Direct"  measurements  involve  direct  com- 
parisons  between  the  unknown  and  the  stand- 
ard. One  of  the  most  widely  known  examples 
of  this  type  of  measurement  is  the  Wheat- 
stone  bridge  J  used  to  measure  resistances* 
Other  examples  include  the  Kelvin- Varley  po- 
tentiometer (not  to  be  confused  with  the 
variable  resistor  of  similar  name)  for  meas- 
urement of  voltages,  capacitance  bridges,  im- 
pedance bridges,  and  some  types  of  frequen- 
cy-measuring  devices. 

The  action  of  the  typical  bridge  circuit  is 
shown  in  Fig-  3,  The  bridge  contains  four 
*'anns",  one  of  Avhich  is  the  unknown  resis- 
tance  and  one  of  which  is  the  standard.  The 
other  two  amis  are  ako  standards,  but  are 
variable  so  that  their  ratio  to  each  other  can 
he  changed.  A  "null  indicator"  which  may  be 
a  sensitive  dc  meter  or  some  other  current- 
indicating  device  is  used  to  detect  the  '*bal- 
ance"*  condition.  Current  is  provided  to  the 
bridge  circuit,  and  the  ratio  of  resistances  in 
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the  adjustable-standard  arms  is  varied  until 
the  indicator  shows  an  absence  of  cxirrent 
flow  through  the  center  leg  of  the  circuit. 
When  this  condition  occurs,  the  ratio  of  the 
unknown  resistance  to  the  fixed  standard  is 
the  same  as  that  of  the  corresponding  adjust- 
able standard  to  its  mate;  a  simple  calcula- 
tion then  produces  tlie  value  of  the  unknown 
resistance. 

This  works  because  current  wiU  flow  be- 
tween any  two  points  which  are  at  different 
voltages,  but  cannot  flow  l^otween  two  points 
at  tlie  same  voltage.  Current  flowing  through 
the  two  adjustable  standards  produces  a  volt- 
age drop  across  each;  similar  voltage  drojjs 
are  produced  across  the  unknown  and  the 
fixed  standard. 

The  bridge  leg,  which  contains  the  null  in- 
dicator, connects  these  two  path  midpoints. 
If  the  voltage  drop  across  the  left-hand  ad- 
justable standard  is  not  the  same  as  that 
across  the  unknown  resistance,  the  two  ends 
of  the  null-indicator  are  at  different  voltages 
and  current  can  flow.  When  both  voltage 
drops  have  the  same  value,  both  ends  of  the 
indicator  circuit  are  at  the  same  voltage  and 
current  flow  ceases. 

The  absence  value  of  t!ie  unknown  resistor 
need  not  be  the  same  as  that  of  the  left-hand 
adjustable  standard,  though,  because  the  total 
current  flow  in  each  of  the  series-resistance 
legs  is  also  affected  by  the  resistance  of  the 
fixed  or  the  right-hand  adjustable  standard,  as 
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Fig.  4 — -This  slide-bach  voltmeter  circuit,  while 
tQQ  Simplified  for  practical  use^  illustrates  another 
application  of  the  direct  coniparison  technique. 
The  resistor  to  left  of  meter  simply  protects  meter 
against  overvoltage;  switch  is  left  open  uniil  read- 
ing approaches  zero^  then  closed  to  make  instru- 
ment more  sensitive.  When  (he  standard  is  of 
lower  voltage  than  the  unknown,  current  flow 
through  meter  is  from  left  to  right  and  needle 
deflects  to  right,  When  standard  is  greater  than 
unknown,  current  flow  reverses  and  needle  goes 
to  left.  When  standard  and  unknown  are  exactly 
equaU  no  voltage  exists  across  meter  and  deflection 
is  zero.  Accuracy  depends  upon  precision  with 
which   standard  can   be  adfusted. 


applicable.  The  factor  which  establishes  the 
voltage  drops  developed  is  the  ratio  of  left- 
hand  to  right-hand  resistance  in  each  leg;  an 
identical  voltage  drop  means  an  identical  ra- 
tio, and  since  three  of  the  four  resistances  are 
known,  the  fourth  can  be  easily  found. 

Voltage  measurement  can  be  done  in  a  sim» 
ilar  manner,  and  the  ''slide-back"  voltmeter 
shown  in  Fig.  4.  does  just  this.  The  voltage  to 
be  measured  is  applied  to  the  circuit,  and  it 
deflects  the  null-indicating  meter.  An  adjust- 
able standard  voltage  is  applied  to  the  other 
side  of  the  meter  to  cancel  out  the  e6Fect  of 
the  voltage  being  measured.  When  the  two 
voltages  are  equal,  the  meter  indicates  no  cur- 
rent flow.  Such  a  meter  takes  no  power  from 
the  circuit  under  test-^tlie  ''no  power"  indica- 
tion is  used  to  signal  that  the  adjustable 
standard  is  equal  to  the  unknown  voltage. 

One  of  the  most  essential  instruments  for 
measurement  of  modulation  quality  and  per- 
formance of  linear  amplifiers  operates  in  a 
direct-measurement  mode.  This  is  the  oscil- 
loscope, which  is  essentially  a  gadget  de- 
signed for  the  purpose  of  making  direct  com- 
parisons between  two  signals  and  displaying 
the  resuts  upon  its  CRT  screen. 

Fig,  5.  shows  how  a  scope  operates;  the 
electron  gun  produces  a  sharply  focused  beam 
of  electrons  which  strike  the  phosphor  coating 
of  the  screen.  Wherever  the  electron  beam 
hits,  the  phosphor  glows.  Two  sets  of  deflec- 
tion plates  control  the  positioning  of  the 
beam.  One  set,  the  V  plates,  move  the  beam 
in  the  vertical  direction,  up  and  down.  The 
other  set,  the  H  plates,  move  it  horizontally 
back  and  forth. 

In  a  general-purpose  scope,  both  the  V  and 
H  plates  are  driven  by  separate  amplifiers  so 
that  small  signals  may  be  built  up  to  the 
several  dozens  of  volts  strength  necessary  to 
produce  easOy-visible  deflections.  In  some 
types  of  modulation-monitoring  hookups^ 
Lliough,  the  plates  are  driven  directly  by  rf 
signals* 

If  two  different  signals  are  applied  to  the 
two  difl'erent  sets  of  plates,  the  beam  traces 
a  path  which  is  determined  by  the  compari- 
son of  the  two  signals.  For  instance,  one  of 
the  main  uses  of  a  scope  in  general  service 
work  is  to  examine  a  waveform.  To  do  this,  a 
sawtooth  signal  which  increases  linearly  with 
time  is  applied  to  the  horizontal  plates,  Tliis 
moves  the  beam  across  the  CRT  at  a  con- 
stant speed  from  left  to  right,  and  causes  the 
beam  to  fly  back  to  the  left  when  it  reaches 
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fig.  5 — Oscilloscope  uses  electrostatic  (voliage-operated)  deflection  of  focused  electron  beam  io  perform 
comparison.  Beam  is  moved  venically  by  voltages  on  V  plates^  and  horizon  tally  by  voltages  on  H  plates. 
Phosphor  makes  beam  visible  when  it  strikes  screen,  and  path  traced  by  moving  beam  provides  compari- 
son of  voltages  on  the  two  sets  of  plates. 


the  right  edge.  The  signal  to  be  examined  is 
apphed  to  the  vertical  plates.  The  beam  then 
moves  up  and  down  in  response  to  the  signal 
being  examined,  and  from  left  to  right  at  a 
constant  speed— and  the  result  is,  as  shown  in 
Fig-  6.  a  picture  of  the  signal  being  examine-d. 

If  the  sawtooth  signal's  frequency  is  exactly 
the  same  as  that  of  the  signal  being  examinee!^ 
then  one  complete  cycle  of  the  test  signal  will 
occupy  the  full  screen.  If  the  frequency  of 
the  sawtooth  is  cut  in  half  so  that  the  beam 
moves  just  half  as  fast,  two  cycles  of  the  test 
signal  will  be  shown.  This  is  illustrated  in 
Fig.  7, 

Since  this  is  one  of  the  major  applications 
of  a  scope,  almost  all  general-purpose  scopes 
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Fig.  6 — Applicalion  of  voltage  with  sawlooth  wave- 
form to  H  plates  makes  beam  move  across  from 
left  to  right  at  constant  speed  (except  for  'flyback* 
time^  shown  exaggerated  here)^  Sine  wave  up- 
plied  to  V  plates  then  moves  beam  up  and  doivn^ 
reproducing  waveform  visibly  on  screen*  H-plate 
waveform  is  turned  on  end  in  all  these  illnst ra- 
tions to  show  how  it  moves  beam. 


include  a  built-in  sawtooth  generator  to  pro- 
\ide  the  "interna!  sweep"  signal  for  the  hori- 
zontal plates. 

However,  there's  no  requirement  that  only 
a  sawtooth  be  used.  If  you  want  to  compare 
two  frequencies  of  sine  waves,  you  can  apply 
one  to  the  V  plates  and  the  other  to  the  H 
pair.  The  resulting  display  is  called  a  **Lis- 
sajous  figure"  and  can  be  used  to  measure 
frequency  if  one  of  the  two  input  signals  is 
a  standard  of  known  frequency. 

Fig*  8,  shows  how  the  pattern  is  developed 
if  both  signals  are  of  the  same  frequency.  In 
this  case  the  pattern  may  be  anything  from  a 
straight  line  to  a  circle,  depending  upon  the 
phase  relationships  between  the  two  signals. 
If  one  of  the  signals  is  only  a  fraction  of  a 
cycle  displaced  in  frequency  from  the  other, 
the  pattern  will  undergo  a  slow  roUingj  and 
this  can  be  used  to  tell  how  far  from  the 
standard  the  unknown  actually  is. 

If  the  unknown  signal  is  twice  tlie  frequen- 
cy of  tlie  known  version,  a  Fig.  8-  pattern  will 
appear;  this  is  illustrated  in  Fig,  9,  Fig.  10 
sho%vs  the  development  of  the  pattern  when 
the  unknowii  signal  is  at  three  times  the  fre- 
quency of  the  standard,  while  Fig.  11  shows 
only  the  pattern  for  the  4-to-l  ratio  of  un- 
known to  standard. 

If  the  unknown  is  half,  one*third,  or  one- 
fourth  the  frequency  of  the  standard,  the 
same  patterns  will  be  displayed  but  they 
will  be  turned  by  90  degrees. 

Because  of  the  way  in  which  the  pattern  is 
developed,  this  technique  produces  a  station- 
ary pattern  for  amj  frequency  ratio  x/y  if 
both  X  and  y  are  whole  numbers.  That  is,  a 
ratio  such  as  8/9  in  which  the  unknown  is  at 
8/9  the  frequency  of  the  standard  will  pro- 
duce a  stationary  pattern.  Whenever  the  pat- 
tern is  stationary,  you  can  determine  what 
ratio  is  represented   by  counting  the  loops 
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which  appear  along  a  vertical  edge  of  the 

pattern    and    those    which    appear    along    a 

horizontal  edge.    The   ratio   of  vertical  loop 

count  to  horizontal  loop  count  is  the  ratio  of 

the  frequencies. 

When  a  scope  is  used  to  monitor  modula- 
tion the  technique  is  similar  in  many  ways  to 
the  Lissajous-figure  approach^  but  not  iden- 
tical. The  modulated  r£  signal  is  applied  to 
the  V  plates,  and  the  modulating  audio  is 
applied  to  the  H  plates. 

Whenever  there  is  no  audio,  the  carrier  is 
constant.  This  produces  vertical  deflection, 
but  without  audio  there  is  no  horizontal 
movement  of  the  beam  and  so  the  pattern  is  a 
vertical  line  in  the  center  of  the  screen. 

When  audio  is  applied,  the  rf  output 
swings  to  a  maximum  at  one  peak  of  the 
audio  cycle,  and  to  a  minimum  at  the  other 
peak.  At  the  maximum  peak,  the  vertical  de- 
flection is  greater  J  and  at  the  same  time  the 
horizontal  deflection  is  maximum  in  the  cor- 
responding direction*  This  moves  the  beam 
to  a  corner  of  the  display—and  since  the  rf 
frequency  is  so  much  greater  than  the  audio 
at  this  stage,  the  effect  is  a  taller  line  at  one 
side  of  the  screen. 

At  the  minimum  peak^  the  horizontal  de- 
flection is  maximum  in  the  other  direction  and 
the  vertical  deflection  is  less  because  there  is 
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Fig.  7 — //  H-plate  sawtooth  frequency  is  just  halj 
that  of  the  V-plate  sine-wave^  two  complete  cycles 
of  the  sine  wave  will  be  traced  on  screen  rather 
than  one.  In  practice,  it's  best  to  adjust  H-plate 
signal  frequency  to  ^3  that  of  V-plate  signal  so 
as  to  display  3  complete  cycles^  since  first  and 
last  cycles  are  usually  slightly  distorted  by  flyback 
effects  as  can  be  seen  here  in  last  part  of  second 
cycle.  If  3  cycles  are  displayed,  center  cycle  will 
be  undistorted  and  complete  waveform  can  be 
examined. 
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Fig.  8 — When  sine  waves  are  applied  to  both  V 
and  H  plates,  patterns  called  '^Lissajous  figures^* 
result.  If  both  sine  waves  are  at  same  frequency 
as  shown  here^  pattern  may  be  anything  from 
straight  line  to  perfect  circle  depending  upon 
phase  relationships  of  the  two.  In-phase  signals 
produce  diagonal  line  (1)  while  90-degree  phase 
difference  produces  circle  (3),  phase  differences 
between  0  and  90  degrees  produce  ellipse    (2). 

minmum  rf  *  The  effect  is  a  shorter  line  at  the 
other  side  of  the  screen. 

Since  the  audio  signal  is  continuous  be- 
tween these  two  peaks,  the  beam  also  oc- 
cupies all  positions  between  these  two  ex- 
tremes, and  thus  paints  a  "trapezoid*'  upon 
the  screen. 

If  you  haxe  exactly  100  percent  modula- 
tion, without  distortion^  the  minimum  peak 
will  cut  off  before  the  audio  signal  reaches  its 
a  triangle  coming  down  to  a  perfect  point  at 
the  minimum-peak  position. 

If  you  have  overmodulation,  the  rf  output 
will  cut  off  before  the  audio  signal  reaches  its 
negative  peak;  the  display  then  will  be  just 
like  the  100-percent  picture  except  that  the 
left-over  audio  will  produce  a  line  sticking 
out  from  the  point. 

If  modulation  is  less  than  100  percent,  the 
tip  of  the  triangle  will  never  be  reached. 

Fig,  12  shows  how  these  patterns  are  pro- 
duced, and  Fig,  13  illustrates  the  patterns  de- 
veloped by  25%,  50%,  75%,  100%,  and  more- 
than-100%  modulation. 

Note  that  all  these  patterns  assume  that 
the  modulator  is  operating  without  distortion^ 
so  that  the  modulated  signal  is  a  faithful  re- 
production of  the  original  audio.  If  distortion 
is  present,  the  sides  of  the  biangle  won't  be 
straight;  instead,  they  will  be  curved.  What 
this  display  actually  amounts  to  is  a  picture 
of  your  modulator  at  work— and  that's  why 
it's  so  helpful. 
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Fig,  9—JFhen  sine-wave  signal  of  twice  jrequency 
of  H-plate  signal  is  applied  to  V-plates^  jigureS 
pallern  is  traced  as  shown  here.  Phase  differences 
will  rotate  pattern;  g>s  pattern  is  inoved^  it  gti^es 
illusion  of  being  a  cylinder  with  the  pattern  traced 
on  the  surface  of  the  cylinder.  Pattern  for  2-1 
ratio  may  resemble  a  [/,  if  phasing  is  suck  tJutt 
points  D  and  H  coincide  on  trace  while  A  and 
C  match,  Thh  happens  when  H-plate  signal  is 
90  degrees  out  of  phase  with  signal  shown  here. 

The  *'bowtie"  or  two-tone-test  measurement 
of  SSB  linear  amplifier  adjustment  amounts 
to  exactly  the  same  thing  as  the  trapezoid 
test  for  AM  modulation.  The  only  diflFerence 
is  that  ydta  get  two  patterns  tip-to-tip  on  the 
bow-tie  test;  it*s  interpreted  in  just  the  same 
wav. 

The   oscilloscope   can   also   be   used   as    a 

voltmeter,  and  is  one  of  the  best  such  instru- 
ments available  for  measuring  ac  since  the 
comparison  is  direct  and  visual.  The  tech- 
nique for  using  the  scope  as  a  voltmeter  is 
simply  to  determine  how  much  deflection  is 
produced  by  a  ''standard"  voltage,  and  then 
compare  this  to  the  deflection  produced  by 
an  unknown  voltage.  The  comparison  can  be 
made  by  measuring  the  length  of  the  line 
produced  by  the  deflection.  A  voltage  which 
produces  a  line  twice  as  long  as  the  standard 
is  a  voltage  twice  as  great  as  the  standard.  If 
the  line  is  74/100  as  long^  the  voltage  is  74/ 
100  of  standard.  By  proper  choice  of  standard 
and  line  length,  you  can  get  greater  accuracy 
by  this  method  than  by  any  moving-coil  meter 
movement  Thus  the  scope  can  be  used  as 
either  a  direct  or  an  indirect  measuring  in- 
strument 

Most  measuring  instruments,  though,  are 
limited  to  one  or  the  other  of  the  modes. 
How  can  you  tell  which  is  which? 

Any  measuring  instrument  which  includes 
the  word  ^'bridge"  in  its  name  is  likely  to  be 
a    direct-measurement    device,    while    those 


which  include  the  word  'meter''  in  their 
names  are  more  likely  to  be  indirect  devices. 
A  notable  exception  to  this  general  rule  is 
the  "SWR  Bridge;  the  instrument  which  origi- 
nally bore  this  name  actually  was  a  bridge, 
and  thus  a  direct-measurement  instrument, 
but  the  original  circuitry  has  long  since  been 
replaced  in  popularity  by  a  directionabcou- 
pler-  based  hookup  which  is  more  accurately 
termed  an  SWR  meter.  The  measurement  is 
indirect. 

How  Accurate  Can  Measurements  Be?  The 
two  points  we Ve  established  so  far  about  this 
business  of  measurement  are  (1)  that  any 
measurement  is  a  comparison  of  an  unknown 
quantity  against  a  known  standard,  and  (2) 
that  most  measurements  we  make  are  made 
indirectly  rather  than  directly. 

The  next  natural  question  is^  "How  ac- 
curate can  a  measurement  be?" 

It  may  not  appear  obvious  that  no  measm  e- 
ment  can  be  perfectly  accurate,  and  that  all 
measurements  must  include  at  least  some 
margin  for  error— but  it's  true. 

For  a  measurement  to  be  perfectly  ac- 
curate, the  quantity  being  measured  would 
have  to  be  identical  to  the  standard  in  every 
possible    respect.     If    we    were    measuring 


Fig.  10 — At  3-1  ratio  pattern  is  developed  in  this 
manner,  Again^  many  patterns  are  possible  at 
this  ratio  due  to  possible  phase  relationships;  if 
either  signal  is  offset  in  time  from  that  shown 
here  pattern  will  change  as  discussed  in  caption 
of  Fig.  9,  //  pattern  is  made  to  rotate  by  slight 
adjustment  of  frequency  to  produce  tiny  difference 
from  3-1  ratio ^  number  of  cycles  can  be  count ed 
to  determine  which  standard  pattern  is  being  dis- 
played* 
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Fig,  ll~This  is  one  of  the  many  possible  4-1 
Lismjoiis  figures.  Any  offset  of  eUher  signal  from 
time  relationship  shown  here  will  change  the 
pattern,  but  in  all  cases  it  will  be  stationary  and 
will  have  four  points  at  the  top  edge  and  four 
at  the  bottom,  as  does  this  one.  Frequency  ratio 
of  vertical  signal  to  horizon  signal  is  same  as  ratio 
of  number  of  top  or  bottom  points  to  number  of 
"side^^  points;  all  patterns  shown  here  have  only 
one   *^side^'   point. 

weight,  for  instance,  not  only  would  the  two 
have  to  match  perfectly  in  the  number  of 
pounds  and  ounces  represented,  but  also  in 
the  number  of  atoms  represeiited,  and  even 
in  the  number  of  neutrons  in  the  nucleus  of 
each  atom  on  either  side  of  the  comparison. 
What's  more,  if  so  much  as  a  single  cosmic 
ray  were  to  hit  one  of  the  two  items  in  com- 
parison and  not  the  other,  then  at  least  some 
part  of  the  mass  of  the  one  hit  would  be 
changed  to  energy  and  the  exact  match  would 
no  longer  be  exact. 

When  you  consider  the  number  of  ele- 
mentary atomic  particles  involved  in  even 
the  smallest  practical  standard  of  weight,  and 
then  hang  on  the  requirement  for  exact 
matching  of  each  and  every  one  of  these, 
you  may  not  be  outside  the  realms  of  theoreti- 
cal 'possibility"— but  the  probability  of  ever 
achieving  such  a  match  is  vanishingly  smalL 
It's  much  more  likely,  for  instance,  that  a 
monkey  typing  at  random  would  produce  the 
complete  works  of  Shakespeare—and  that  is 
an  event  which  has  been  calculated  as  likely 
to  happen  not  more  often  than  once  in  ten 
times  the  total  history  of  the  universe  to  date! 

To  continue  this  line  of  "unreason"  a  bit 
longer,  jiist  consider  the  practical  question: 
How  would  you  know  you  had  such  a  match 
if  you  bichieved  it? 


All  the  objections  we've  raised  here  to 
bring  out  the  impossibility  of  a  "perfect"  or 

"zero-error''  measurement  of  weight  apply 
equally  to  any  other  measurement  by  com- 
parison. The  main  point  is  that  "zero"  error 
means  just  that— no  error  at  all— and  an  error 
by  as  httle  as  one-fiftieth  the  diameter  of  a 
single  electron  is  still  an  error. 

While  "perfect"  measurements  are  not  pos- 
sible, it's  not  only  possible  but  relatively  easy 
to  make  "practical"  measurements  to  any  de- 
gree of  accuracy  you're  wiUing  to  afford. 

Our  ordinary  milliammeters  and  voltmeters^ 
such  as  we  use  in  most  of  our  hara-radio 
measurements^  ai^e  usually  rated  at  "5  per- 
cent of  full  scale"  accuracy;  Many  are  rated 
at  "2%"  instead  of  "5". 

If  we  want  more  accurate  measurements 
than  this  thongh  we  can  go  to  lab-quality 
instruments  quaranteed  to  be  within  Ja  of  1% 
of  full  scale, 

Ai^d  if  that's  not  enough  and  we  have 
several  thousand  dollars  to  lay  on  the  line, 
we  can  use  5-place  digital  voltmeters  and 
read  voltages  to  a  guaranteed  accuracy  of 
five  significant  figures.  In  terms  of  length, 
that's  more  accurate  than  one  inch  in  one 
mile. 

The  major  problem  with  the  use  of  high- 
accinacy  instruments  such  as  these,  incident- 
ally, is  being  sure  that  their  origirlal  calibra- 
tion is  accurate.  After  all,  no  measurement 
can  be  more  accurate  than  the  standard 
against  which  it  is  compared.   To  use  five- 
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Fig.  12 — Modulation-monitor  pattern  for  checking 
quality  of  AM  signal  is  developed  in  manner  very 
similar  to  Lisafous  figures  as  shown  here.  Pattern 
shown  represents  about  98%  modulation  (100% 
was  not  used  in  order  to  show  how  the  negative- 
peak  trace  is  developed).  Audio  signal  should  be 
taken  from  the  modulator  output^  and  RF  signal 
sampled  from  the  antenna  feed  line  or  antenna 
tuner^  to  get  proper  phase  relationship  and  pro- 
duce straight-sided  patterns. 
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place  accuracy,  you  must  have  a  standard 
which  is  more  accurate  than  five  places* 

While  we're  talking  about  accuracy  of  volt- 
meters and  the  hke,  it's  a  good  time  to  estab- 
lish just  what  that  **5^  of  full  scale"  rating 
really  means.  Most  of  us  tend  to  unconscious- 
ly assume  that  it  means  5%  of  the  indicated 
reading.  If  we  read  "100  volts"  from  the 
scale,  we  assume  that  the  actual  voltage  is 
somewhere  between  95  and  105  volts* 

Actually  J  the  5^  is  "of  full  scale,"  and  trans- 
lates to  an  absolute  error.  On  a  300-volt 
scale,  the  possible  error  would  be  0.05  x  300, 
or  13  volts  either  way.  On  a  150-volt  scale, 
it  would  be  just  half  as  much.  On  a  1000* volt 
scale,  however^  it  w^ould  be  50  volts  either 

wav. 

If 

If  we're  using  a  general-purpose  multi- 
meter to  make  this  measurement,  most  likely 
we  are  able  to  choose  any  of  these  ranges 
by  simply  switching  to  a  new  range.  In  this 
case,  the  same  meter  \vill  have  an  absolute 
error  of  from  7,5  to  50  volts^  depending  upon 
the  range  which  we  select. 

This  is  the  reason  for  the  general  rule  in 
making  measurements:  always  make  the 
measurement  using  a  scale  which  brings  the 
measurement  as  near  to  full-scale  as  possible 
without  going  oflF-scale  with  the  reading.  The 
purpose  of  the  rule  is  to  minimize  error. 

Voltages  and  currents  are  not  the  only 
things  which  we  measure,  however.  Frequen- 
cy is  another  item  which  we  must,  by  law, 
measure  rather  accurately. 

When  we  use  a  100-kHz  frequency  stand- 
ard to  make  our  measurement,  weVe  domg 
it  more  or  less  directly.  If  we  use  a  beat- 
frequency  frequency  meter^  were  indirect. 
In  eithep  case,  though,  we  will  always  have 
some  error.  In  a  standard  or  direct  measure- 
ment this  error  is  usually  discussed  as  "so 
many  parts  in  10  to  the— th"  which  is  engi- 
neeringese  for  mi^ity  small  parts  of  a  percent 
and  can  be  translated  most  meaningfully  as 
"so  many  cycles  per  megahertz"  or  whatever. 
For  instance,  an  error  rated  as  "one  part  in 
l(r"  would  be  one  Hz  in  1,000,000,000  Hz, 
or  one  Hz  in  1,000  megahertz.  The  stand- 
ard frequency  station  WWV  (about  which 
well  say  more  later)  maintains  considerably 
greater  accuracy  (less  error)  than  this. 

When  our  measurement  is  indirect,  it's 
more  usually  specified  as  to  error  by  a  per- 
centage rating  such  as  0.01  percent.  This, 
too,  can  be  converted  rather  readily  to  "x  * 
Hz  per  megahertz  or  some  similar  approach* 


For  instance,  the  military  surplus  BC-229  or 
LM  heterodyne  frequency  meter  is  usually 
considered  to  have  an  accuracy  of  0.01  per- 
cent when  calibrated  and  operated  in  the 
manner  originally  intended.  If  you  use  this 
instrument  to  measure  the  frequency  of  a 
signal  near  the  bottom  end  of  the  20-meter 
band,  around  14,0  megahertz,  the  0.01  per- 
cent accuracy  won't  let  you  be  certain  that 
the  reading  you  get  is  exactly  the  frequency 
of  the  signaL 

But  0,01  percent  of  10  megahertz  is 
1/10000  of  10,000,000  Hz  or  1000  Hz,  which 
means  that  the  accuracy  of  our  instrument  is 
1000  at  10  Hz  or  100  Hz  per  megahertz. 
When  w^e  use  it  at  14  megahertz,  our  possible 
error  is  1400  Hz. 

The  practical  meaning  of  this  uncertainty 
in  our  measurement  is  that  we  should  assume 
that  the  band  limit  (in  this  case)  is  1400  Hz 
higher  than  it  really  is  at  the  low  end,  and 
1450  Hz  lower  at  the  liigh  end.  Then  if  we 
measure  a  signal  as  being  at  our  pseudolimit 
of  14,0014  MHz,  it  must  be  inside  the  band— 
because  our  maximum  error  w  ould  put  it  only 
at  the  actual  bottom  edge,  not  outside! 

With  the  same  instrument  but  in  the  28- 
MHz  band,  we  could  measure  band  limits 
only  to  within  2800  Hz  at  tlie  low  end  and 
2970  Hz  at  the  liigh  end. 

The  important  thing  here  is  to  remember 
that  absolute  accuracy  in  Hertz  becomes 
less  as  the  operating  frequency  goes  up, 
since  the  percentage  of  error  remains  con- 
stant. 

Can  Measurement  Affect  Itself?  Closely 
allied  to  the  question  of  accuracy  and  error 
is  the  question  whether  the  mere  act  of  mak- 
ing a  measmement  can  have  an  effect  upon 
the  measurement  made* 

Let's  look  first  at  the  everyday  variety  of 
voltmeter,  WeVe  already  discovered  that  it 
actually  measures  length  instead  of  volts, 
and  the  length  is  related  to  the  voltage  by 
way  of  poiver  which  moves  the  needle  across 
the  scale. 

Where  does  this  power  come  from? 

In  the  ordinary  voltmeter,  which  has  no 
internal  power  source  of  its  own,  there's  only 
one  possible  place— from  the  circuit  being 
measured! 

But  if  we're  drawing  power  from  the  cir- 
cuit while  we  make  the  measurement,  and 
not  doing  so  when  the  meter  is  removed,  then 
the  mere  act  of  hooking  up  the  meter  must 
involve  a  change  in  the  ciicuit— and  tliere's  a 
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Fig.  13  Modulation  percentage  can  be  measured 
by  these  patterns,  but  ifs  easier  to  estimate  it 
using  these  five  examples.  Overmodulation  causes 
a  Hail*  at  point  of  pattern  as  shown;  undermodu- 
lation  prevents  point  from  being  developed.  Con- 
trolled-carrier  transmission  will  prevent  line  in 
center  from  being  developed;  iCs  the  carrier-only 
line  traced  whenever  modulation  is  absent  from 
signaL 


chance  that  conditions  while  we  measure  are 
not  the  same  as  those  when  our  meter  is 
taken  away. 

If  yon  want  to  see  how  much  change  this 
may  be,  try  measuring  the  AVC  voltage  of 
a  receiver,  using  a  1000-ohm -per -volt  volt- 
meter. No  matter  how  strong  the  signal  com- 
ing in,  you  will  be  hard-pressed  to  find  more 
than  a  very  small  fraction  of  a  volt  in  most 
such  circuits. 

The  reason  is  that  the  1000-ohm-per-volt 
meter  has  a  total  resistance  of  only  100,000 
olmis  if  set  to  a  100-volt  scale— but  the  series 
resistor  in  most  AVC  circuits  is  on  the  order 
of  5  megohms.  The  100-volt  meter  acts  as 
a  100  K  resistor  to  form  a  voltage  divider 
and  reduce  AVC  voltage  to  1/50  its  normal 
value— or  about  V2  volt  in  most  cases. 

Using  a  20j000-ohm-per-volt  meter  instead 
will  help  matters  somewhat,  but  the  effect  is 
still  rather  large.  Total  resistance  of  this 
meter  on  a  100-volt  scale  would  be  2  meg- 
ohmSj  which  is  series  with  a  5-rnegohm  re- 
sistor would  reduce  the  voltage  to  2/7  its 
normal  value.  This  is  still  less  than  half  the 
voltage  present  when  the  metef  is  removed. 

Vacuum-tube  voltmeters  normdlly  have  ex-. 
tremely  high  input  impedance,  at  least  11 
megohms^  regardless  of  the  scale  to  which 
they  are  set*  Using  one  of  these  on  the  same 


example  AVC  line,  the  voltage-divider  effect 
would  be  only  11/11+5  or  11/16-but  even 
with  this  meter  the  AVC  voltage  would  be 
some  31%  less  with  the  meter  hooked  up 
than  when  the  meter  is  absent. 

Apparently,  then,  connection  of  any  mea- 
suring instrument  to  a  circuit  will  upset  that 
circuit  to  some  degree.  This  would  mean,  if 
taken  to  extremes,  that  even  if  perfect  in- 
struments were  available  and  even  if  that 
impossible  perfect  measurement  could  be 
made,  we  would  still  have  inaccuracy  when- 
ever we  attempted  to  make  an  in-circuit 
measurement  due  to  the  effects  of  the  instru- 
ments upon  the  circuit 

That's  true.  It's  one  of  the  basic  principles 
of  physics,  known  as  the  'uncertainty'  prin- 
ciple. No  measurement  can  be  exact,  because 
the  act  of  measurement  in  itself  disturbs  the 
quantity  being  measured  and  thus  introduces 
error. 

It  works  both  ways,  too.  While  the  instru- 
ments upset  the  circuit,  the  circuit  also  can 
affect  the  instiuments.  A  standard  voltage 
source  may  be  extremely  accurate  so  long  as 
no  current  is  taken  from  it— but  any  load 
may  ruin  its  accuracy. 

The  effect  is  particularly  noticeable  when 
making  measurements  of  frequency,  A  fre- 
quency meter  is  not  likely  to  have  much 
influence  upon  the  crystal  or  VFO  in  a  good 
transmitter— but  the  transmitter's  output  sig- 
nal may  easily  "pulF'  the  frequency  meter 
by  a  few  cycles,  and  thus  destroy  accuracy. 

If  the  instrument  and  the  circuit  are  not 

connected  to  each  other  in  any  way,  then 
neither  can  affect  the  other— but  neither  are 
you  able  to  perform  any  measurements.  If 
they  are  connected  too  well^  each  will  affect 
the  other  in  so  great  a  manner  that  any 
measurements  you  make  are  inaccurate* 

The  answer  to  this  seeming  paradox  is  to 
connect  them,  in  order  to  make  measure- 
ments, but  no  more  closely  than  is  neces- 
saiy  to  permit  the  measurement  to  be  made, 
A  frequency  meter  is  normally  coupled  to  the 
circuit  under  test  only  by  incidental  radiation 
in  the  room— this  is  enough,  and  any  wire 
connection  would  be  too  much.  Voltmeters ^ 
on  the  other  hand,  require  wire  connections. 

When  close  connections  must  be  made,  as 
with  voltmeters,  the  loading  effects  can  be 
minimized  by  making  the  meter's  internal 
resistance  as  high  as  possible  so  that  it  looks 
as  much  as  possible  Uke  an  open  circuit  to 
the  device  being  measured.  VTVMs,  for  ex- 
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ample,  are  designed  specifically  to  provide 
extra-high  resistance— and  as  we  have  seen 
even  this  is  not  always  good  enough. 

But  high  internal  resistance  is  not  always 
a  good  idea  for  meters.  Current  meters  should 
have  as  little  resistance  as  possible^  for  ex- 
ample, since  they  should  look  as  much  as 
possible  like  a  straight  piece  of  wore  to  the 
external  circuit 

What  Are  Measurement  Standards? 
Throughout  this  discussion  weVe  been  talk- 
ing about  "standard"  quantities  and  units^ 
but  we  haven*t  yet  seen  where  the  "standard" 
conies  from. 

Actually,  for  any  one  type  of  measurement 
such  as  lengthj  voltage,  resistance,  etc.,  the 
"standard"  is  entirely  arbitrarv.  The  im- 
portant  thing  about  any  one  standard  is  sim- 
ply that  everyone  who  uses  it  must  agree  that 
it  is  the  standard,  so  that  measurements  made 
by  one  individual  can  be  meaningful  to  any- 
one else*  An  example  of  the  confusion  which 
can  arise  when  this  factor  is  ignored  is  the 
"gallon";  in  the  United  States,  a  gallon  is 
four  quartSj  which  is  equal  to  231  cubic 
inches  of  water.  In  Great  Britain,  however-,  a 
"gallon"  is  not  the  same.  There,  the  **Imperial 
gallon"  is  the  standard,  and  it  is  equal  to 
1.2009  U,S.  gallons! 

Another  example  of  similar  confusion  is 
the  *'mile"  which  we  use  on  land,  and  the 
"nautical  mile*'  used  at  sea.  The  "pound"  in 
Russia  is  only  0,90282  of  our  "pound"— and 
the  "Troy  pound"  used  by  silversmiths  con- 
tain only  12  ounces. 

Many  similar  examples  can  be  found  in  any 
good  encyclopedia.  A  standard  is  "standard" 
only  to  those  who  accept  it. 

In  radio  and  electronics,  fortunately,  the 
standard  units  are  almost  universally  accepted 
by  everyone.  We  work  with  quantities  wliich 
are  very  closely  related  to  the  basic  standards 
of  nature,  and  when  we  agree  upon  standards 
for  measuring  those  basics— time,  and  electric 
charge— the  rest  of  our  standards  are  com- 
pletely fixed  by  the  interdependence  of  all 
our  quantities. 

For  instance,  if  the  "volt"  and  the  "ohm" 
are  defined,  then  Uie  "ampere"  is  also  defined 
by  Ohm*s  Law  and  no  additional  standard 
for  it  is  necessary. 

The  most  basic  of  all  our  standards  is  that 
of  time.  In  this  country,  the  time  standard  is 
maintained  by  the  National  Bureau  of  Stand- 
ards and  is  made  available  to  all  through  the 
broadcasts  of  station  WWV, 


These  broadcasts  are  on  frequencies  at  ex- 
act multiples  of  5  MHz  throughout  the  high- 
frequency  spectrum,  as  weB  as  one  at  2.5 
MHz;  the  ones  most  generally  used  are  on 
5,  lOj  and  15  MHz.  The  frequency  itself  is 
the  basic  time  standard;  by  counting  10  mil- 
lion individual  cycles  of  the  10- Mc  transmis- 
sion you  have  a  "standard"  second. 

For  user  convenience,  though,  WWV  does 
the  counting  and  superimposes  a  "tick"  on 
the  signal  at  precise  1-second  intervals.  This 
'*tick"  consists  of  exactly  5  Hz  of  a  1000  Hz 
tone  (also  derived  directly  from  the  main 
standard),  and  the  time  standard  is  from  the 
beginning  of  the  first  cycle  of  one  tick  to  the 
begimiing  of  the  first  cycle  of  the  next. 

For  our  purposes  this  is  accurate  enough, 
but  for  many  more  scientific  uses  the  error 
introduced  into  the  standard  by  the  radio 
transmission  path  from  WW^'^'s  transmitters 
at  Boulder,  Colo.,  to  the  receiving  station  is 
excessive*  For  these  users,  low-frequency 
transmissions  at  60  kHz  are  made;  at  this  very 
low  frequency,  transmission-path  errors  are 
minimized  and  frequency  accuracy  of  one 
part  in  1,000,000,000,000  are  possible.  This 
amount  of  error  is  approximately  the  amount 
represented  by  the  thickness  of  a  cigarette 
paper  compared  to  the  distance  from  earth 
to  the  moon.  That*s  very  close^but  it's  not 
exact! 

Since  frequency  of  a  signal  is  simply  the 
count  of  the  number  of  cycles  within  a  stated 
period  of  time,  the  standard  for  time  is  simul-  * 
taneously  the  standard  for  frequency.  Thus 
WWV  provides  a  frequency  standard  against 
which  we  can  all  compare  any  signal  we  de- 
sire. 

Other  time  standards  are  maintained  by 
the  Dominion  Observatory  at  Ottawa  Can- 
ada, through  station  CHU  at  3,330,  7.335, 
and  14.670  MHz;  by  station  MSF  at  Rugby, 
England,  operating  on  2.5,  5,  and  10  MHz; 
by  ZUO  at  Olifantsfontein,  South  Africa,  5 
MHz;  by  J]V,  Tokyo,  Japan,  2.5,  5,  10,  and 
15  MHz,  and  a  number  of  other  governments. 
In  addition  to  WWV,  the  NBS  operates 
WWVH  in  Honolulu  (which  is  slaved  to 
WWV  in  such  a  manner  that  it's  possible  for 
you  to  receive  both  at  the  same  time  with- 
out interference). 

In  tliis  country,  our  standards  of  voltage 
and  resistance  are  also  maintained  by  the 
NBS.  Only  one  "primary"  standard  of  each 
ejdsts.  From  these,  "secondary*'  standards 
are  developed  and  all  actual  use  involves  the 
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secondary    (or    even    more    remote    copies) 
versions. 

The  NBS  primary  standards  agree  with 
the  definitions  adopted  by  the  International 
Committee  on  Weights  and  Measures.  These 
definitions  establish  the  "ampere"  as  an  elec- 
tric cmrent  which  would  produce  between 
two  conductors  of  infinite  length  and  neg- 
ligible cross*section  separated  by  one  meter 
distance  in  a  vacuum,  a  force  of  0,0000002 
newton  per  meter.  The  "volt"  is  then  defined 
as  the  potential  which  causes  a  dissipation 
of  one  watt  when  a  current  of  one  ampere 
flows,  and  the  "olim"  as  the  resistance  which 
permits  one  ampere  to  flow  when  one  volt 
potential  appears  across  it.  The  coulomb  (unit 
of  electrical  charge)  is  similarly  defined  as 
the  amount  of  charge  transported  in  one  sec- 
ond by  a  current  of  one  ampere,  while  the 
farad  and  the  henry  are  also  defined  in  terms 
of  coulombs,  volts,  and  amperes. 

These  "standard"  definitions  may  sound  as 
if  they  go  in  a  circle— to  measure  any  one  of 
them  you  must  already  know  all  the  others. 
In  practice,  that's  fust  about  the  case. 

It  is  possible  to  measure  the  forces  involved 
in  the  definition  of  an  ampere  and  so  deter- 
mine a  standard  ampere  directly— but  since 
the  ampere  exists  only  while  current  is  flow- 
ing, the  standard  ampere  cannot  be  preserved 
lu  use  as  a  compMison  standard! 

The  procedure  actually  followed  to  estab- 
lish a  primary  standard,  as  a  result,  is 
to  l)uild  coils  in  such  a  manner  that  their 
inductance  can  be  calculated  very  accurately 
and  then  to  use  these  coils  together  with  a 
standard  one-ampere  current  to  measure  out 
standard  resistances.  The  resistance  standard, 
together  with  the  current-measuring  devices^ 
permits  establishment  of  a  voltage  standard. 

The  primary  standard  which  result  provide 
permanent  references  for  measurement  of 
both  voltage  and  resistance;  the  current 
standard— which  is  the  only  one  w^hich  can  be 
established  directly  in  the  first  place— is  then 
derived  from  the  voltage  and  resistance 
standards  whenever  it  is  needed. 

If  you  want  some  exact  figures  for  stand- 
ards, the  coulomb  (which  is  the  unit  of  elec- 
trical charge)  is  supposed  to  be  the  charge 
of  6,280,000,000,000,000,000  electrons,  give 
or  take  a  few  million  billion.  The  ampere 
is  derived  from  this  as  the  number  of  cou- 
lombs which  pass  a  giv^en  point  in  one  sec- 
ond. The  ohm  is  defined  by  some  as  the  re- 
sistance of  a  column  of  mercury  at  0°  C,  liav- 
ing  a  length  of  106,300  cm,  a  mass  of  14.4521 


grams,  and  constant  cross-sectional  area;  the 
volt  is  then  defined  as  the  potential  which 
permits  one  ampere  to  pass  through  one 
ohm. 

For  ever\day  purposes  these  official  stand- 
ards don't  give  us  much  help.  Simply  deter- 
mining the  basic  standards  accurately  enougli 
for  any  use  is  a  most  delicate  and  costly  op- 
eration. Fortunately,  there  are  many  "stand- 
ards''  readilv   available   which   are    accurate 

m 

enough  for  almost  all  our  uses. 

For  instance,  you  can  buy  resistors  which 
are  guaranteed  to  be  1%  accurate  for  less 
than  a  dollar.  If  you  need  accuracy  of  0.01% 
you  can  get  this  too,  but  it  will  cost  a  little 
more.  For  most  ham  applications,  since  our 
meters  themselves  are  only  2%  accurate  at 
best,  the  1^  standards  are  plenty  good, 

A  mercury  cell  is  a  pretty  good  voltage 
standard,  since  it  produces  1.34  volts  for 
essentially  its  entire  life.  In  a  pinch  you  can 
even  get  by  with  a  fresh  size  D  flashlight 
cell,  which  should  produce  1.581  volts,  but 
tlie  voltage  of  these  carbon-zinc  djy  cells 
varies  with  age  and  so  they  are  not  so  trust- 
worthy. 

A  zener  diode  offers  another  standard- 
voltage  reference.  While  most  such  diodes 
are  rated  to  only  5%  accuracy,  any  one  diode 
will  have  a  constant  voltage  drop  through- 
out its  Kfe  if  it  is  not  abused,  and  so  it  can 
be  used  as  a  secondary  ^standard  once  you 
have  cahbrated  it  against  some  more  ac- 
curate primary  standard. 

The  best  frequency  standard  is  a  quartz- 
crystal  oscillator  which  has  been  calibrated 
against  the  transmissions  of  \VWV,  How- 
ever, commercial  AM  broadcast  stations  are 
required  by  law  to  remain  within  a  20  Hz 
of  their  assigned  frequency,  and  you  can 
use  a  VFO  which  has  been  zero-beat  against 
a  broadcast  station  to  provide  a  reasonably 
accurate  standard  in  an  emergency. 

The  one  item  you  should  not  use  as  a 
standard  is  a  meter,  no  matter  how  costly  or 
how  accurate  its  rating.  Meters  are  suffi- 
ciently delicate  that  any  small  shock  can 
throw  them  off^;  their  accuracy  should  never 
be  tiusted  except  immediately  after  they 
have  been  compared  to  some  known  stand- 
ard. This  process  is  called  "calibration"  and 
should  be  carried  out  at  regular  intervals  for 
all  meters,  although  almost  none  of  us  dn  so. 

Next  month.  As  our  series  draws  toward  its 
close,  we'll  move  closer  to  the  state  of  today's 
art  and  take  a  look  at  semiconductors. 
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for  to  crystals  or  less  within  24  hours 

of  receiving  the  order. 
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SEND  FOR  OUR  1968  CATALOG  OF 

PRECISION  QUARTZ  CRYSTALS  AND  ELECTRONICS 

FOR  THE  COMMUNICATIONS  INDUSTRY 


Q 


SENTRY  MANUFACTURING  COMPANY 

1634  Linwood  Boulevard 'Oklahoma  City,  Oklahoma  75106 


PHONE:  405-232-1431 


More  on  Receiver  Blocking 

Strong'Signal  Receiver  Modifications 


The  problem  of  the  blocking  of  a  receiver 
if  by  a  strong,  nearby  signal,  has  been  dis- 
cussed,^*^ Further  experience  indicates  that 
a  more-standard  approach  tliat  applies 
equally  well  to  transceivers ^  has  some  ad- 
vantages. 

In  several  types  of  equipment,  there  has 
been  a  spurious  oscillation  when  a  separate 
exciter  uses  the  heterodyne  crystal  oscillator 
of  the  receiver,  as  must  be  done  in  the  trans- 
ceive  mode.  This  oscillation  may  not  be 
identifiable  by  others  because  it  usually  is 
not  modulated.  The  only  identification  seems 
to  be  the  coincidence  of  VOX  action,  which 
can  be  matched  between  the  spurious  and 
the  true  signal  using  two  receivers.  In  one 
case^  the  oscillation  was  strong  enough  to 
prevent  normal  modulation. 

With  ColHns  Siine  in  OPR  (unmuted 
receiver)  condition,  the  6146  and  linear 
amplifier  plate  current  were  noted  to  be 
above  the  normal  static  levels.  Subsequent 
investigation  disclosed  an  8-tube  oscillation, 
as  follows: 

The  antenna  relay  K2  in  ''transmit"  feeds 
a  small  amount  of  power  to  the  receiver 
contact  leaf-  This  is  fed  througli  the  co- 
axial cable  to  the  receiver  antenna  input. 
Then  it  goes  through  the  rf  stage,  and  to 
the  first  mixer.  The  cathode  of  the  latter 
leads  to  T2,  one  side  of  which  is  tuned  by 
the  preselector  knob.  T2  also  passes  from 
the  receiver  tlirough  a  coaxial  cable,  in 
transceive  patching,  to  the  "RC\Tl  xtal  osc 
input"  of  the  exciter.  This  leads  to  the  sec- 
ond mixer  tube,  the  6AHe,  the  6CL6,  and 


CI  I 


*^ 


Rl 


ADDED 


TO  AGO 

Fig.    1.    Removal    of   AGC   connection    la   prevent 
ing  of  receiver. 


E.  H,  Conklin,  KbKA 

Box  1, 

La  Canada^  Calij,  91011 


TO   RF       TO AGO 
GAIN  CONTROL 

Fig.  2.  AGC  resistor  detached  from  the  grid  and 

rj  choke  connected. 


a  pair  of  8146's  to  the  antenna  relay,  K2, 
completing  the  circuit. 

In  my  equipment,  the  oscillation  has  been 
found  only  on  the  21  and  28  MHz  bands, 
when  using  a  short  16-inch  rf  patchcord. 
This  short  cord  is  necessary  to  prevent  the 
exciter  from  sucking  out  heterodyne  crystal 
oscillator  power,  and  making  the  receiver  in- 
sensitive. The  longer  cable  allows  the  oscil- 
lation only  on  one  band. 

If  the  receiving  antenna  lead  is  removed, 
or  the  rf  tube  pulled,  or  any  other  break 
made  in  this  long  circuit,  the  oscillation 
stops.  In  fact,  the  lower  tube  voltages  used 
on  C\V  also  sometime  confine  the  problem 
to  the  SSB  mode. 

Normally,  the  S-Line  does  not  have  this 
trouble  when  the  receiver  is  muted  in  the 
STBY  (muted)  switch  position.  However,  in 
order  to  prevent  blocking  of  the  age  l)y 
local  stations,  the  shortening  of  the  rf  tube's 
grid  capacitor,  provision  of  cathode  bias, 
and  removal  of  the  age  connection  as  shown 
in  Fig.  1,  meant  that  one  less  tube  is  muted. 
This  allows  a  small  amount  of  oscillation  to 
continue  in  STBY  position, 

A  good  way  to  ^lup  this  was  found  to  be 
possible,  as  showm  in  Fig.  2,  The  grid  con- 
denser of  tlie  rf  stage  is  left  in  (or  reduced 


72 


73  MAGAZINE 


I 


1 


Four  NEW  Two-Element  QUADS 

SINGLE  BAND  QUADS 

Model  MCQ-10  for  10  meters 
Model  MCQ-15  for  15  meters 
Mode!  MCQ-20  for  20  meters 

TRI-BAND  QUAD 

Model  MCQ-3B  for  10,  15  &  20  meters 


Designed  and  Engineered  for  Superior  DX,  the  new  MCQ'S' 

(Mosley  Cubical  Quads)  are  rated  to  i  KW  am  and  2  KW 

P.E.Pi  SSB.  Maximum  Front-to-Back  and  Forward  Gain. 
A  Single  52  ohm  Line  feeds  the  Quads  via  a  Gamma  Match 
resulting  in,  a  low  SWR  over  the  full  bandwidth.  The  Square 
Configuration  of  the    MCQ    Series  guarantees  better 
performance  by  providing  optimum  electrical  efficiency. 
The  Durable,  Lightweight,  Weatherproof  Aluminum  Construe 
tion  yields  a  lifetime  of  maintenance-free  enjoyment. 

For  detailed  brochure,  Write  Dept,  169  ...  and  receive  a 
FREE  1968/69  Mosley  Antenna  Catalog. 


Dept.  169 


4610    N.  Lindbergh     •     Bridgeton.  Missouri      63042 
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TO  RF  STAGE 
CHOKE 
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Fig^  3.  Removing  if  stages  from  the  rf  gain  control. 

to  100  pF),  the  age  resistor  is  detached  from 
the  grid,  and  an  0.1  mH  rf  choke  is  con- 
nected to  the  grid.  The  bottom  of  this  choke 
is  connected  to  the  arm  of  the  rf  gain  con- 
trolj  R56,  Now,  muting  is  normal,  and  S* 
meter  operation  is  normal— if  you  don't  mind 
the  rise  in  meter  reading  when  the  rf  gain 
control  is  retarded. 

There  is  a  considerable  loss  in  sensitivity 
(SN/N)  when  the  rf  gain  control  affects 
the  rf  stage.  This  had  been  stopped  with  the 
modification   of  Fig.    1,  but   is   still  present 
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Jutf  think]  ToltvUing  your  family  arid  reloti¥«f  on 
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With  the  modification  of  Fig.  2^  if  the  if  age 
bus  is  left  connected  to  the  arm  of  the  rf 
gain  control  I  do  not  find  any  reason  to  use 
the  rf  gain  control  in  the  presence  of  fast- 
attack,  slow  decay  age,  or  without  age,  on 
SSB,  AM  or  CW.  Therefore,  it  is  attractive 
to  leave  the  if  stages  oflF  the  rf  gain  control, 
and  to  use  this  control  only  for  tlie  rf  tube* 
See  Fig,  3. 

This  is  easily  done  by  lifting  the  correct 
black-red'Orange  (in  my  receiver)  lead  from 
the  age  bus  to  the  terminal  strip  forward  of 
the  coil  cans,  and  to  connect  it  to  the  nega- 
tive end  of  the  330-ohin  bias  resistor,  1^33, 
on  the  next  terminal.  The  rf  choke  lead  from 
the  rf  stage  then  can  be  connected  to  the 
terminal  leading  to  the  arm  of  the  rf  gain 
control,  R56. 

Now,  there  is  no  longer  any  if  blocking 
by  nearby  strong  signals,  the  rf  tube  is 
muted  normally,  effectively  preventing  the 
round-about  spurious  oscillation  in  '*Trans- 
ceive"  mode.  The  S-meter  (which  still  needs 
a  100-ohm  resistor  across  it  whenever  age 
is  removed  from  the  rf  stage)  reads  normally 
at  all  settings  of  the  rf  gain  control. 

There  is  no  need  for  by-passed  cathode 
bias  in  the  rf  tube,  which  had  been  added  in 
the  modification  of  Fig,  1.  The  6DC6,  6FV6, 
6BZ6,  6AK5,  6GM6,  and  other  tubes  can  be 
used,  whichever  way  the  cathode  and  sup- 
pressor are  connected  to  pins  7  and  2  of 
their  bases.  The  most  remote  cut-off  tube 
has  some  theoretical  advantages,  but  some 
75S-line  receivers  are  more  sensitive  with 
the  6FV6,  when  properly  realigned  for  the 
tube  used. 

It  is  well  to  keep  in  mind  diat  maximum 
results  may  occur  when  the  rf  stage  align- 
ment is  touched  up  with  the  normal  antenna 
on  the  receiver;  that  the  best  sensitivity 
(SN/N)  may  not  occur  when  the  alignment 
is  trimmed  for  maximum  signal;  and  that 
the  best  sensitivity  is  not  necessarily  indi- 
cated by  the  tube  giving  the  higliest  total 
gain.  Those  liking  a  ''hot"  S-meter  and  good 
sensitivity,  will  like  the  6FV6. 

*  .  -  K6KA 


1.   73    Maj^azine,    December,    1967. 
2/Trant^End    Receiving    Fillers/'    by    E, 
K6KA.  p,  14,  QST,  August,   1967. 
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SEE  YOUR  LOCAL  DISTRIBUTOR 

(Distributors  and   Reps  please  write  as  several  areas 

are   still    open   for   distributing    these    fine    products) 

MAIL  ORDER  SALES 

Include  $1  for  packing  and  mailing:  and  send 
to  REDLINE  Company,  JAFFREY,  NEW  HAMP- 
SHIRE, 03452.  Money  back  guarantee  on  all  DGP 
equipment! 


BOX  231 

JAFFREY 

N.H. 

03452 
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Inexpensive 
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RF 

Field 
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T-400  mHz 
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Comes  with  5-section  antenna  and  earphone 
for  modulation  checking.  Invaluable  for  tun- 
ing any  ti-ansmitter.  Magnetic  base  for  mo- 
bile use.  onlv 
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Build  Yourself 


a  Relegator 


Right!  Build  yourself  a  relegator.  Rele- 
gate that  danged  buzz  and/or  hum  out  of 
your  antenna  relay  to  the  limbo  of  unpleas- 
ant memories.  Cure  those  jitters  the  mad- 
dening things  are  prone  to  become  afflicted 
with  without  warning  or  reason,  which  turn 
you  into  a  switch  flipping,  red  eared,  jitter 
nut  yourself  in  trying  to  stop  it  while  the 
QSO  or  message  is  hung  up. 

It  is  so  simple  that  a  pre-Novice  could 
probably  build  it  from  the  accompanying 
circuit  diagram.  Your  junk  box  won't  even 
miss  what  it  takes  to  build  this  gadget. 
Furthermore  your  relay  will  love  you  for 
feeding  it  pure  dc  even  though  it  is  only 
half  wave-  In  fact  it  won't  even  miss  the 
other   half;    I'll    guarantee  you   that 

Components  for  the  conversion  are:  1- 
200  PIV,  400-750  miL  Silicon  (diode (either 
the  popular  top-hat  or  epoxy);  1-25  mfd 
150  volt  tubular  capacitor;  1-miniature  115 
volt  6  watt  lamp;  and  1-500  ohm  10  watt 
resistor. 
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DIODE 


TO  115  VAC 

Ai«)  swrrcH 

o 


6W 
115  V 


— I 


aSMFO 

ISO  V 


I50OA 

low 


115  VAC 
RELAr  COIL 


Fig.   I-  Diagram   for  converting  a   115    Vac  relay 
to  dc  operation  at  about  40-45   Krfc. 


Simply  disconect  the  115  volt  ac  source 
from  your  relay  temporarily,  and  when  you 
liave  the  conversion  coniplctcd  and  mounted 
right  on  the  relay,  that's  generally  the  han- 
diest place,  again  connect  up  the  115  volt 
ac  supply  through  your  regular  activating 
switch  to  your  new  solid-state  converter  and 
youVe  in  business;  with  an  indicator  light 
to  boot,  and  40  to  45  volts  dc  on  your  relay. 
\Vhat  a  relief  I 

.  •  .  K6GRP 
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Transistor 
Regenerative  Detector 


Jim  Ashe  WIEZT 

P.O.  Box  343 

Peter  borough,   N.H.   03458 


I've  thought  many  times  about  some  of 
the  odd  transistor  regenerative  detector  cir- 
cuits I  see  in  the  magazines.  Very  often  they 
seem  to  have  a  certain  unreal  quality,  and 
I've  wondered  if  they  really  worked.  Don't 
transistors  make  good  regenerative  detec- 
tors? They  ought  to^  because  their  character- 
istics are  far  sharper  titan  those  of  vacuum 
tubes-  Yet  the  1968  Radio  Amateur's  Hand- 
book has  110  transistor  regenerative  detector 
circuits,  and  only  one  project.  And  that  cir- 
cuit, too,  looks  weird  to  me. 

How  about  regenerative  detectors? 

Why  are  there  so  few  regenerative  detec- 
tors in  transistor  construction  projects?  No- 
body wants  them  any  more?  No,  I  think 
there  are  more  regenerative  detectors  in  this 
country  right  now  than  at  any  time  in  the 
history  of  electronics.  Good  regenerative  de- 
tectors offer  better  performance  per  parts 
dollar  than  any  other  circuit  going,  and  I 
reckon  those  of  us  who  must  or  want  to 
build  still  outnumber  the  appKance  opera- 
tors. So  I  started  some  regenerative  detector 
studies.  First  results  were  not  too  encourag- 
ing but  as  I  continued  thinking  and  building, 
consistent  results  emerged. 

1  developed  a  clear  picture  of  how  a 
regenerative  detector  should  operate*  We 
need  to  choose  an  operating  point  that  is 
quite  different  from  usual  practice.  Because 
the  incoming  signal  is  not  strong  enough  to 
carry  the  base-emitter  diode  into  cutoff  part 
of  the  time,  the  detector  cannot  detect  by 
straightforward  rectification.  We  must  have 
approximate  square  law  detection,  which  re- 
duces one  side  of  the  incoming  signal  and 
emphasizes  the  other  side  to  bring  out  the 
audio.  See  Fig.  1. 

Looking  at  this  figure,  we  see  transistor 
operating  conditions  are  very  important.  The 
usual  biasing  standards  emphasize  Hnearity, 
which  we  do  not  want.  The  collector  cur- 
rent must  be  very  small  so  that  downward 
collector  current  swings  are  hmited  but  up- 


DET^CTOR 
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ftp  WITH  ONE  S^DE 
EMPHASIZED 


StGWAL  WITH   RF 
FILTERED  OUT  a 
OC  COMPONENT 
REMOVED 


DOCTOR 
MRJT 


Fig.  L  If  we  operate  the  transistor  detector  at  very 
low  base  and  cot  lector  currents,  its  input-oulput 
characteristics  are  not  linear.  One  side  of  the 
RF  signal  is  emphasized  more  strongly  than  the 
other,  producing  a  DC  component  that  becomes 
our  audio  after  passing  through  a  coupling  ca- 
pacitor, 

ward  swings  are  not.  If  we  have  a  large 
collector  current  the  changes  due  to  incom- 
ing rf  will  be  so  small  compared  to  average 
current  that  negative  half -cycles  will  not  be 
appreciably  different  from  positive  half- 
cycles*  It  looks  as  though  collector  cm  rents 
in  the  microampere  range  are  appropriate. 

With  this  point  secured,  we  think  about 
the  transistor's  gain.  Evidently  it  cannot  be 
very  good.  At  this  point  I  almost  convinced 
myself  the  reason  there  seemed  to  be  no 
good  transistor  regenerative  detectors  was 
simply  that  transistors  were  inherently  un- 
suited  for  the  application.  Yet  I  felt  my 
picture  was  not  clear  enough.  If  the  tran- 
sistor offers  enough  gain  for  oscillation  at 
rf  is  any  more  gain  needed?  Probably  not, 
and  I  recalled  again  that  transistor  charac- 
teristics are  maybe  a  hundred  times  sharper 
than  the  01 A  I  used  in  my  first  regenerative 
receiver.  It  seemed  reasonable  to  suppose 
gain  could  be  far  less  important  than  I 
thought 

At  this  point  I  built  a  regenerative  detec- 
tor circuit  in  breadboard  style.  It  summed 
up  my  thinking  about  biasing  and  feedback 
control,  and  I  felt  quite  confident  until  I 
turned  it  on.  The  result  was  an  awful  howL 
Way  off  to  one  side  of  the  regeneration  con- 
trol range  there  was  a  region  where  the  de- 
tector w^orked,  more  or  less„  but  its  sensi- 
tivity was  notably  poor. 
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is  the  best  $1000  linear  amplifier 
ever  made  for  the  amateur  service 

Other  manufacturers  look  at  the  2K*3  and  shake  their        Mri  J  fiJ  /  d(M  4^/^^   MtOif^y/It\ 
heads  in  disbelief.  They  say  it  can't  be  sold  for  $74  5.  ^^  UA^^TtR  H  \^  mi^  /  ^^U 

But  we  do  it!  We  do  it  by  working  a  little  harder,  by         ^ 
being  a  little  more  efficient  and  by  seUing  DIRECT 
from  factory  to  user. 

Compare  the  quality  of  the  components  used  in  the 
2K-3  and  its  true  value  becomes  more  apparent. 

1.  Look  at  the  superb  20  mfd  5000  volt  test  oil  filter 
condenser.., exceptional  dynamic  voltage  regulation, 

2,  Heft  the  heavy  duty,  high  efficiency 
transformer.  . .  38  pounds  of  brute  power  with 
exceptional  voltage  regulation  and  peak  current 
capability. 

3.  Observe  the  rugged,  high-cost,  double  section 
bandswitch. 

4,  Note  the  commercial  duty  25  ampere  mercury 
power  relay. 

5,  Experience  the  reliabUity  of  special  design  solid 
state  bridge  rectification, 

6.  Relax  with  a  host  of  other  conservatively  rated 
deluxe  components  no  other  competitive  amplifier  can 
equal, . .  high  efficiency,  silver-plated  tank  coil, 
silver-plated  L-section  coU,  unique  tor o id  type 
filament  choke,  resonant  input  filter  choke,  high 
reliability  bronze  gear  drive  assembly,  modern  design 
illuminated  push-button  start-stop  switch ,  all  DC 
relay  systems.  And  there  is  more,  but  let  us  send  you 
a  descriptive  brochure  on  the  2K-3-  Let  us  help  you 
own  this  outstanding  linear  amplifier. 

The  2K-3,  Floor  Console  or  Desk  Model  $745.00 

A  TTENTIONI  Military,  commercial,  industrial  and  scientific  users.  .  .  please  write  for  information  on  our 
custom  line  of  high  power  communication  linear  amplifiers  and  RF  power  generators, 

EASY  FINANCING    •    10%  DOWN  OR  TRADE-IN  DOWN    •    NO  FINANCE  CHARGE  IF 
PAID  IN  90  DAYS    •    GOOD  RECONDITIONED  APPARATUS  •  Nearly  all  makes  &  models. 

CAii    OlRECr   ,    ,    .    USE  AREA   CODE 

Butler,  Missouri.  64730  816  679^3127 

11240  W.  Olympic,  Los  Angeles,  Calif..  90064       213  477-6701 
931  N.  Euclid,  Anaheim,  Calif.,  92801  714  772-9200 

East  Coast  Rep.:   Howard  Laughrey,  2  ENzabeth  St., 

Chappaqua.  N.Y.    10514.   (914)  CE  8-3683 

"'World's^  Largest  Dbtribulor  of  Amateur  Radio  Equipment" 
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NO 
REGENERATION 


CONTROLLED 
REGENERATION 
JUST  SHORT  OF 
OSCILLATION 

Fig,  2,  RF  feedback  increases  the  RF  voltage 
swing  in  the  detector  input  circuit  Suppose  we 
have  a  constant,  very  small  RF  input.  As  we  in* 
crease  feedback  the  voltage  swing  increaseSj  even 
though  the  input  voltage  has  not  been  changed. 
Too  much  feedback  results  in  the  uncontrolled' 
amplitude  smngs  of  osciHation^  and  detector  senst- 
tivity  is  reduced. 

Thinking  about  the  sensitivity  contrors 
sensitivity,  I  soon  came  to  some  conclosions. 
It  appeared  the  control  itself  was  in  good 
shape,  and  the  circuit  design  was  reasonable 
on  the  basis  of  the  factors  I  had  taken  into 
accoimt.  I  realized  I  had  missed  a  key  point. 

At  the  tiny  collector  current  I  had  chosen, 
the  transistor's  dc  beta  was  well  below  its 
normal  vakie.  This  is  a  well-known  property 
of  transistors,  wliich  need  a  certain  amount 
of  current  to  become  actively  energized.  My 
regeneration  control  acted  to  increase  col- 
lector current  and  was  also  increasing  the 
transistor's  dc  beta.  At  the  critical  point  of 
starting  to  oscillate,  the  extra  base  current 
from  the  fedback  rf  would  carry  the  tran- 
sistor into  a  well-energized  state,  and  it 
would  stick  there.  It  would  keep  oscillating  til 
I  turned  the  control  way  doum,  and  at  last 
the  collector  current  would  fall  to  a  low  non- 
oscillating  value. 

This  kind  of  instability  can  be  controlled 
by  luiiiing  the  transistor's  current  current 
gain  against  itself.  We  can  ask  the  transistor 
to  regulate  its  own  base  cnrrentj  and  if  any- 
thing makes  the  transistor  more  hvely,  the 
regulation  becomes  more  efficient.  This  is 
called  feedback  bitising  and  is  very  easy 
to  arrange. 

While  tliiiiking  this  through,  I  realized 
it  is  important  to  use  a  suitable  transistor  in 
the  regenerative  detector  circuit.  We  cannot 
use  just  any  old  transistor  that  happens  to 
be  available.  The  best  transistor  will  have  a 
physically  tiny  structure  for  best  operation 


at  the  tiny  currents  reqimed,  and  for  mini- 
mum circuit  reaction.  These  properties  are 
indicated  by  manufacturer's  specs  showing 
good  beta  at  tiny  collector  currents,  or  per- 
haps by  a  collector  dissipation  rating  of  50 
milliwatts.  I  see  General  Electrie's  2N3394, 
priced  at  42 c^  has  a  beta  of  about  50%  of 
its  best  value  at  a  collector  current  of  100 
microamps.  After  looking  at  some  other 
specs  and  making  comparative  tests  on  my 
Heathkit  transistor  tester,  I  concluded  the 
2N3394  is  almost  certainK'  one  of  the  best 
inexpensive  transistors  for  regenerative  de- 
tector sei^ice, 

I  realized  one  other  important  point.  The 
operating  conditions  appropriate  for  a  tran- 
sistor regenerative  detector  guarantee  a  very 
high  output  resistance-  That  is,  the  detector 
cannot  develop  a  good  signal  voltage  across 
the  load  typically  presented  by  a  tiansistor 
audio  amplifier.  The  solution  is  to  add  one 
more  transistor  and  a  resistor,  in  addition 
to  the  components  we  would  use  anyway,  as 
an  emitter  follower  circuit. 

Putting  these  considerations  to  work,  I 
developed  and  breadboarded  a  new  circuit* 
The  results  seemed  to  be  very  good. 

Practical  regenerative  detector  circuit 

Here  is  the  circuit  I  breadboarded.  See 
Fig.  3.  Operating  into  a  handy  Lafayette 
audio  amplifier,  it  brought  WWV  in  very 
strongly  on  10  MHz.  Several  feet  of  test 
lead^  draped  over  the  top  of  the  workbench ^ 
served  as  antenna. 


+9 


2N3394 


OOTPuP 


Fig.  3.  Complete  schematic  of  a  good  working  re- 
generative detector.  Transistor  Tl  is  the  actual 
detector^  which  operates  at  very  low  potver  levels. 
T2  is  an  emitter  follower,  which  copies  out  the 
sign^il  with  minimum  loss. 
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Test  Aid  for  Motorola 
FM  Transmitters 

Here's  a  simple  gadget  the  FM  addict 
using  retired  Motorola  gear  will  find  useful 
Used  in  conjunction  with  a  test  set^  the 
equipment  can  be  used  in  its  normal  loca- 
tion, i,e.,  in  the  trunks  at  its  remote  location^ 
etc,  II  you Ve  ever  spent  a  cold  night  wrest- 
ling a  rig  out  of  your  trunk  to  put  it  on 
frequency  or  service  it,  you'll  apj)reciate  be- 
ing able  to  use  the  rig  where  it  sits  and 
get  the  procedure  over  with* 

Materials  are:  1  11 -pin  Amphenol  male 
plug  and  1  4-pin  Amphenol  mike  connector. 
Tlie  hole  in  the  cover  of  the  11-pin 
plug  is  enlarged  to  fit  the  mike  connector. 
The  wiring  is  done,  and  the  mike  connector 
is  mounted  in  the  cover^  the  cover  snapped 
into  place,  and  it's  ready  to  make  FM  life 
a  little  easier  for  you. 


Integrated   Circuits 
Fundamentals  and   Projects 

Rufus  P*  Turner's  straightforward  ap- 
proach to  integrated  circuits  opens  with  a 
discussion  of  what  IC's  are,  and  finishes  with 
several  simple  projects  easily  assembled 
from  available  parts. 

Chapters  1  and  2  introduce  integrated  cir- 
cuit's to  the  reader,  who  will  be  pleasandy 
surprised  if  he  has  been  tr>  ing  to  work  from 
some  of  the  deep  technical  literature.  There 
are  several  kinds  of  integrated  circuits,  and 
they  are  very  versatile,  but  Tumer^s  bread- 
and-butter  approach  gets  the  basic  ideas 
over  very  welL 

Each  of  the  following  six  chapters  discusses 
the  construction  and  operation  of  a  real  IC 
circuit,  easily  assembled  from  parts  available 
almost  anywhere.  None  of  the  circuits  re- 
quire Tinnsual  voltages,  and  each  is  provided 
with  photos,  schematics  and  wiring  dia- 
grams. The  w^eU-chosen  assorbnent  includes 
a  frequency-standard  oscillator  and  an  elec- 
tronic voltmeter  (using  an  easily-available 
1  mA  meter)  as  weU  as  several  audio  cir- 
cuits. 

Available  from  AlUed  Radio,  TS*?, 
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Amateur  Radio  Operators!  Be 
the  1st  in  your  area  to  make 
use  of  the  many  VHF-UHF 
techniques   revealed   iti   this   new 
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This  new  l>[Mjk  descrihes  50  difTerenl  projects, 
ill]  hos<:^d  on  usinj;  popular  IC's  which  are  in- 
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SnjiH*  of  the  devices — such  as  the  pprsonwi 
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fun"  KJul^mH  like  Uie  wireleiss  rnlkt?  or  the 
memory  lesier.  Hc^nrdless  of  your  siiedOc  in- 
Icrewts  In  e'et'tronlcs.  j'Du're  aure  to  Ami  a 
number  of  items  juu'll  vvutit  to  build.  Cither  ham  projects  IntiUidi^ 
n  wide  variety  nf  trans  nvltlcrrs.  receivers,  code  key  era,  mike  tire- 
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nf  Nuch  ItemH  m  the  It*  lesEttr,  sqiuire-wave  generator,  and  color 
TV  convergtiife  gciicrfttor.  Thlji  is  the  first  book  of  Itn  kind— 
anywhere — Hn(l  the  projwts  are  anio^i:  the  most  fascinating  you've 
ever  seen,   160   piigosi,   51)  projects;  100  iilus. 
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Now  J  here  is  the  key  idea.  The  base  term- 
inal of  Tl  regenerative  detector  is  involved 
in  a  tug-of-war  between  two  opposing  volt- 
ages. Through  R3,  there  is  a  constant  dc 
voltage  that  is  trying  to  turn  off  the  tran- 
sistor. Through  R5,  there  is  a  variable  dc 
voltage  that  is  trying  to  turn  it  on.  If  we 
imagine  the  tumon  voltage  momentarily 
loses,  collector  current  drops-  Tl  collector 
goes  very  positive  and  there  is  a  strong  re- 
turn turnon  signal  througli  R5.  And  if  we 
imagine  the  turnon  voltage  has  momentarily 
won,  the  collector  draws  greatly  increased 
current,  collector  voltage  drops,  and  the 
available  turnon  voltage  is  reduced.  This 
arrangement  is  known  in  scientific  and  in- 
cUistrial  work  as  feedback  biasing. 

We  adjust  the  interpla>*  behveen  these 
two  opposing  influences  by  varying  the  re- 
generation control  Rl,  until  we  have  just 
the  amount  of  circuit  li%'eliness  we  want.  This 
will  Usually  be  just  under  or  over  the  point 
at  which  the  cncuit  goes  into  oscillation. 
And  then  the  tug-of-war  takes  over,  holding 
the  transistor  firmly  at  the  critical  operating 
point 

Two  capacitors  in  this  circuit  deserve  spe- 
cial attention.  We  want  the  regeneration 
control  to  have  a  good  feel,  and  if  it  pro- 
duces some  contact  noise  we  don*t  want  to 
hear  the  noise.  The  large  capacitor  C6,  tends 
to  this.  When  the  regeneration  control  is 
varied,  the  voltage  across  C6  follows  it 
slowly.  Noise  is  lost,  and  your  ear  has  a 
better  opportunity  to  hear  what  happened 
when  you  turned  the  control  This  gives  a 
clearer  impression  of  effective  control.  And 
C5  prevents  collector- to-base  negative  feed- 
back at  frequencies  above  a  few  tens  of  Hz. 
Without  it,  there  would  be  signal  as  well  as 
dc  feedback,  and  tliis  would  kill  the  opera- 
tion of  the  circuit.  Since  both  are  acting  as 
bypass  capacitors  their  values  are  not  critical 
but  values  over  ten  times  larger  than  shown 
won't  do  anything  for  the  circuit  operation. 

At  rf  frequencies,  the  detector  circuit  is 
simply  a  common-collector  oscillator.  Feed- 
back is  from  emitter  to  base,  and  looking  at 
C2  and  C3  we  see  that  emitter  and  base  are 
at  nearly  the  same  rf  potential,  as  they  would 
need  to  be  in  a  low-impedanee  transistor 
circuit.  You  could  try  eliminating  three  com- 
ponents by  tapping  the  emitter  up  on  LIB, 
wliich  would  take  out  C2,  C3,  and  the  rfc! 
Next  time  I  build  the  circuit  I  think  111  try 
this.   And   I   noticed  some  influence  of  the 
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Fig,  4.  The  regenerative  detector  circuit  can  &<? 
coupled  directly  to  an  antenna^  but  this  should 
give  better  results.  The  gain  control  reduces  signal 
strength,  jar  strong  signals  which  try  to  take  con- 
trol of  the  detector.  Its  performance  will  fall  off 
above  10  MHz  even  with  very  good  transistors^ 
but  I  think  it  will  get  by  up  to  30  or  40  MHz. 

tuning  control  upon  regeneration  control 
setting,  but  this  was  not  troublesome.  A 
tapped  coil  circuit  might  reduce  this. 

Transistor  T2  is  the  emitter  follower  out- 
put. Since  the  base  terminal  does  not  have 
to  be  at  any  particular  potential  so  long  as 
other  components  and  voltages  are  appro- 
priate, we  can  hook  the  base  directly  onto 
Tl's  collector*  I  provided  C7  to  Iceep  Tl*s 
collector  at  rf  ground,  which  is  required 
for  good  rf  performance.  And  it  avoids  trans- 
ferring rf  into  the  following  audio  stages. 

Why  bipolar  voltages?  That  is,  plus  and 
minus  supply  voltages?  Well,  that  is  because 
it  is  the  easiest  wav  to  make  this  circuit.  It 
goes  back  to  that  tug-of-war  effect  which 
stablizes  the  regeneration  at  a  naturally  un- 
stable point.  The  transistor  emitter  needs  to 
be  held  at  a  fixed  dc  voltage,  and  ground 
voltage  is  most  convenient.  Then,  if  we  are 
to  have  workably  sized  resistors  in  the  base 
circuit,  which  is  at  about  groimd  potential, 
we  have  to  have  a  far-negative  voltage  to 
work  from.  You  could  try  putting  the  emitter 
voltage  up  a  few  volts  on  a  zener  (suitably 
bypassed  for  rf  and  audio)  along  with  a 
hit^her  positive  supply  voltage^  and  if  prop- 
erly done  it  would  work  as  well  as  what  I 
have  here.  I  merely  chose  the  simplest  easy 
way  to  make  the  circuit, 

Appllcaflon 

My  regenerative  detector  circuit  seems  to 
give  as  good  performance  as  you  could  want, 
operating  directly  from  an  antenna.  But  like 
all  regenerative  detectors,  it  will  respond  to 
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changes  in  loading  and  input  signal  strengtli. 
Here*s  a  simple  circuit  you  can  try  as  an 
rf  front  end.  See  Fig.  4. 

It's  not  designed  to  be  efficient.  If  you 
want  something  better  there  are  lots  of 
ideas  around  in  the  amateur  electronics 
books  and  magazines*  I  designed  thi.s  to  get 
by  without  any  critical  parts  or  transistors. 
Use  any  transistor  you  can  find  (but  be  sme 
to  use  correct  polarity  supply,)  and  see 
what  happens* 

The  gain  control  in  the  transistor  collector 
circuit  is  for  use  when  signals  overload  the 
regenerative  detector.  Turn  the  control  away 
from  the  transistor  collector  connection,  and 
the  signals  will  become  weaker*  If  there  is 
cross-modulation*  or  you  want  to  try  for 
better  sensitivity,  add  a  tuned  circuit  at  the 
input  as  illustrated.  Good  luck  with  my  Tiew 
circuit!  ,  .  .  WIEZT 
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How  good  are  your  coils?  "Q'*  a  figure  of 
coil  "merit"  can  he  easily  measured  with  a 
simple  instrument.  If  we  know  our  *'Q's" 
(no  *T's")  maybe  we  can  have  less  phone 
calls  about  TVI,  BCI  and  HFI  wdth  a  bonus 
of  better  efficiency  in  the  rig,  hence  a  better 
signal. 

Until  now  very  little  has  been  mentioned 
in  amateur  articles  regarding  the  "Q"  meter 
and  its  application  and  construction.  The 
"Q-Q"  can  be  built  for  approximately  twenty 
bucks  (American  money)  or  for  five  dollars 
if  your  buddy  has  lots  of  parts. 

The  "Q-Q'*  operates  on  the  principle  of 
resonance.  To  obtain  this  resonance,  two 
conditions  must  be  met:  (1)  there  must  be  a 
circuit  capable  of  resonancs,  (2)  there  must 
be  a  signal  to  which  the  circuit  can  resonate. 

The  block  diagram  (Fig.  1)  shows  the 
basic  parts  of  the  "Q-Q".  The  oscillator  pro- 
vides the  signal  and  calibration  voltage.  This 
calibration  voltage  is  applied  to  the  timed 
circuit  through  a  100:1  voltage  df\qder.  This 
voltage  (let's  call  it  drive  voltage)  is  ampli^ 
fied  by  the  tuned  circuit  at  resonance;  de- 
tected and  measured  on  a  voltmeten 


Fig,  L  Block  diagram  of  ''Q-Q'' 


In  operation,  a  small  voltage  (E,)  is  in- 
troduced in  series  widi  a  tuned  circuit,  the 
unknown  coil  and  C3.  The  circuit  is  then 
luned  to  resonance  and  the  voltage  (£*>} 
developed  across  the  timed  circuit  is  meas- 
irred  on  the  voltmeter.  The  measured  voltage 
E2,  is  tlic^n  compared  to  the  driving  voltage 
E^ .  The  Q  of  the  circuit  is  then  the  measured 
voltage  di\  ided  by  the  drive  voltag3. 

Thus  a  driving  voltage  of  1  v  ui;ing  a  100  to 
1  divider  for  E2  at  resonance  of  1  v  gives  a 
Q  of  100.  Any  losses  in  the  resonant  circuit 
will  result  in  a  lower  Q  reading.  In  general^ 
the  losses  in  the  coH  are  much  greater  than 
the  losses  in  the  other  circuit  elements.  Thus 
the  Q  of  the  circuit  is  the  Q  of  the  coil  for 
all  practical  purposes. 

The  battery  powered  ''Q-Q''  Meter  (shown 
in  Fig.  2)  uses  only  three  transistors,  one  as 
crystal  oscillator  and  caHbration  source,  the 
other  two  as  a  high-impedance  voltmeter, 
Use  of  a  crystahtyps  oscillator  provides  a 
more  stable  and  less  complicated  circuitry 
than  a  variable  oscillator,  although  a  tune- 
able oscillator  is  used  in  the  lab  type  Q 
Meter.  Later  in  the  article  we  will  show  you 
how  to  adapt  to  a  txmeable  oscillator  which 
allows  us  to  measure  Q  at  the  operating  fre- 
quency. Crystal  switching  can  be  used  if 
necessary.  The  stability  of  the  crystal  oscil- 
lator also  allows  the  calibrating  voltage  and 
the  drive  voltage  to  be  used  directly  without 
the  use  of  emitter  followers  to  isolate  thu 
load  from  the  oscillator.  The  current  drain 
is  only  1.3  mA  so  battery  life  should  be  no 
problem. 

Building  the  "Q-Q"  is  simple,  although 
good  rf  construction  should  be  followed,  i.e., 
short  signal   leads  and   common   rf  ground. 

The  tuning  capacitors  must  have  very  low 
loss  insulating  material  used  in  its  construc- 
tion. Ceramic,  Rexhte,  or  Teflon  insulation 
is  preferred.  The  fiber  board  used  in  the  ordi- 
nary  broadcaster  capacitor,  while  usable  in 
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SILVER    MIC4 


BMH2 


Fig,  2.  Schematic  diagram  of  the 
battery  powered  '^Q-Q  Meier" 


a  Pi  network  (where  the  in  circuit  Q  is 
around  10-20),  definitely  has  too  much  loss 
for  this  application.  Many  surplus  capacitors 
with  low  loss  ceramic  insulators  are  available 
and  one  with  a  vernier  drive  is  to  be  pre- 
ferred. The  one  used  here  is  a  J.  W.  Miller 
#2111  with  the  fiber  insulators  removed  and 
4  small  ceramic  standoffs  (similar  to  cambion 
#3848-2)  added  to  support  the  stator.  Ca- 
pacitor C4  is  a  surplus  type  CT15  modified 
to  two  stator  and  one  rotor  plate*  The  meter 
is  mounted  by  a  tight  fitting  hole  in  the 
front  panel  and  a  dab  of  rubber  cement  be- 
tween a  comer  of  the  meter  and  the  chassis. 
The  terminal  binding  post  should  be 
mounted  on  a  good  insulator  such  as  Lucite 
and  mounted  under  a  cutout  at  least  14  inch 
larger  than  the  post  dimensions,  to  reduce 
stray  capacity.  Also  use  heavy  bus  ^vire 
(#14)  or  brass  strap  to  keep  the  inductance 
down  in  leads  connecting  the  binding  post 
and  tank  capacitor  together.  Diode  D2  is 
mounted  directly  in  the  L*  binding  post  to 
ground.  Capacitor  C^  is  mounted  on  a  small 
terminal  strip  near  L^^  binding  post.  The 
crystal  oscillator  and  voltmeter  circuitry  are 
built  on  a  piece  of  vector  board  using  flea 
clips  and  point-to-point  wiring; 

Now  that  we  have  the  "Q-Q"  Meter  built, 
let's  calibrate  it.  Rotate  Cal~Q  switch  to  CaL 
Turn  Rj  to  turn  meter  on,  adjust  Ro  to  Zero 
meter.  If  meter  cannot  be  zeroed,  check  wir- 
ing for  errors.  There  should  be  no  problem 
as  this  is  a  very  straight  forward  dc  ampli- 
fier. After  zeroing  meter,  rotate  Cal-Q  t^ 
Cal  position^  adfust  osellator  coil  slug  (L^) 
for  maximum  on  meter,  then  turn  slug  slight- 
ly into  coil  so  oscillator  starts  in  application 


of  power  every  time.  Adjust  Rj  (set  level) 
control  for  50  i^A  on  meter.  This  reading 
of  50  mA  is  used  as  the  reference  set  Call 
level  on  the  meter  for  all  future  use  of  the 
instrument  and  may  be  marked  on  meter 
face. 

Now  for  cahbration  of  L-C  scales  and  Q 
Meter  face.  With  a  coil  (tapped  per  Fig.  3) 
connected  across  the  unknown  L^  terminals 
switch  to  "Q*^  zero  meter,  rotate  C  dial 
knqh  (C^)  for  peak  on  meter  with  vernier 
tilling  (C4)  set  at  mid  capacity.  Record  /^A 
reading  on  meter  VRS  Q  of  standard  coil  also 
mark  values  for  L  and  C  on  L-C  dial  plate. 
Using  the  A  to  D  taps  on  the  standard  coil, 
connect  resistors  in  parallel  across  the  un- 
known (Lx)  binding  post,  to  complete  cali- 
bration of  meter  face  using  Q  values  versus 
resistance  in  Fig.  4.  After  calibration  ap- 
propriate marking  may  be  made  by  transfer 
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Fig.  4*  Q  values  vs.  resistance 


letters  or  pen  and  ink*  The  intermediate 
points  may  be  marked  by  interpolation* 

The  standard  coil  has  been  measured  on 
a  Marconi  #1245  Lab  **Q"  Meter  and  of  5 
coils  built  and  measured,  the  tolerance  spread 
was  less  than  3  per  cent  maximum  between 
coils.  With  reasonable  care  in  tapping  the 
coil  and  cahbration  one  can  have  an  in- 
strument with  5  per  cent  of  lab  equipment* 

The  true  experimenter  may  not  be  satis- 
fied with  the  fixed  frequency  used  in  this 
unitj  so  if  you  have  a  good  rf  signal  gen- 
erator, it  can  be  pressed  into  service  as  a 
VFO  for  this  unit  by  changing  Q|  to  a  com- 
mon emitter  amplifier  as  in  Fig.  5. 

When  using  the  external  signal  source 
(VFO)  this  unit  will  work  very  satisfactorily 
up  to  25.2  MHz,  with  a  degrading  of  15-20 
per  cent  for  "Q"  above  200,  in  the  range  of 
15-50  there  is  no  error  measurable  at  this 
frequency.  Standard  frequency  for  measur- 
ing^ "Q"  are  25.25  MHz,  7.95  MHz,  and 
795  KHz  and  for  inductance  values  of  .l-l 
/ih,  1-10  Mh,  and  10-100  j"h,  respectively. 

The  following  procedures  may  be  used  as 
a  guide  in  operation  of  the  "Q-Q"  Meter: 


Interior  of  the  Q-Q  meter. 
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Fig.  5.  Common  emUter  amplifier. 


To  measure  the  inductance  of  a  coil: 

Set  tile  Cal-Q  switch  to  CaL 

Connect  the  coil  to  the  L^  terminals. 

Adjust  R|  to  Cal  (50  /*A). 

Set  the  Cal-Q  switch  to  Q* 

Set  tuning   (C^)   to  max  counter  clock- 
wise, 

Adjust  R2  for  Zero  on  meter. 

Adjust  tuning   (C^)    for  max  indication 
on  meter. 

Read  the  inductance  on  the  L  scale. 
To  measure  the  Q  of  the  coil: 

Set  the  Cal-Q  switch  to  CaL 

Connect  the  coil  to  the  L^  terminals. 

Adjust  Ri  to  Cal  (50  mA), 

Set  the  Cal-Q  switch  to  Q- 

Set   tuning    (C3)    to   maximum   counter 
clockwise. 

Adjust  R.*  for  Zero  on  meter. 

Adjust  tuning   (C3)   for  maximum  indi- 
cation on  meter. 

Read  the  Q  of  the  coil  on  the  meter. 
To  measure  capacity  by  substitution: 

Set  the  Cal-Q  switch  to  CaL 

Connect  a  test  coil  across  the  L^  term- 


Adjust  Ri  to  Cal  (50  mA). 

Set  the  Cal  Q  switch  to  Q, 

Set  tuning  (Cg)  to  maximum  counter 
dockwise. 

Adjust  R**  for  zero  on  meter. 

Adjust  tuning  (C3)  for  maximum  indi- 
tion  on  meter. 

Note  the  value  on  the  C  scale  as  C^. 

Connect  the  imknow^n  condenser  across 
the  Cjt  terminaL 

Switch  to  Cal  and  check  Cal  leveL 

Switch  to  Q. 

Adjust  timing  (C3J  for  maximum  indi- 
cation on  meter. 

Note  the  value  on  C  scale  as  C^, 

The  unknown  capacity  added  across  the 
C^  terminals  is  found  by  subtracting 
the    Ch    vahie    from    the    C«    value* 
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Inside  view  oj  mounting  of  diode  and  straps  con- 

necling  the  binding  posts  to  the  capacitor. 

Now  that  you  have  the  L,  C,  and  Q  of  a 
coil,  yon  may  wonder  what  is  its  parallel  re- 
sistance? Without  going  deep  in  theory, 
we  may  use  the  relationship: 

Parallel  Resistance,  R,,  =  2  ttILQ 

or  R„  =  w„LQ 

where      L    =  measured  value 
Q    =  measured  valus 


w„    =   2  irf 


Therefore  @  8  MHz, 

w„   =  2x3.14 14x  8x10" 
=  50.04x1 0« 
Let's  keex^  this  value  of  w„  =  50.04x1 0'''  as 
a  constant  factor  for  finther  use.  As  an  ex- 
ample, lets  find  the  R,,  at  tap  A-B  in  Fig.  3. 
Tap  Q  Cfi-p-i.        L^h 

A-B  235  69  7 

From  above  Rp  =  w„LQ 

=  (50.04xl0«)(7xIO-«)(235) 
=  (50.04)  (7)  (235) 
=  82^250  ohms  or  82.2K 
for  tap  A-C,  Rp  =  (50.04)    (3.8)   (210) 

=  39.K 
and  for  tap  B-D,  Rp  =  (50.04)  (3)  (ISO) 

=  12K 
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Inside  view  of  variable  capacitor  {C3)  showing  the 
two  ceramic  standoffs  jar  support  of  the  siator. 


The  above  examples  stress  the  need  for 
high  quahty  components  used  in  the  *'Q-Q" 
meter^  as  all  losses  are  charged  to  the  coil 
and  would  give  much  lower  readings  than 
expected.  These  examples  are  by  no  means 
all  the  *'Q-Q'^  meter  can  do.  This  meter, 
(with  pencil,  paper,  and  a  little  work)  can 
be  used  in  the  initial  design  of  Transmitters^ 
Receivers  and  Converters  or  just  about  any 
thing  using  rf,  coils,  and  condensers. 

It  is  hoped  this  article  will  stimulate  the 
building  of  the  *'Q-Q"  meter  and  in  future 
articles  we  read,  instead  of  saying  17  turns 
of  wire  removed  from  a  surplus  choke, 
wound  on  a  %"  slug  tuned  form,  will  call 
for  17  turns  of  #30  Enameled  wire  close 
wound  on  a  Vi"  slug  tuned  form  with  an  un- 
loaded Q  of  30.  Come  on  fellows  let's  get 
vAth  iti 

.  •  •  WB6IBS 


\aAJ\ 


''     0 


*^Good  grief  J  Betty!  CanH  we  come  back  later  for 

your  ham  equipment?'* 
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Save  That  Cordless! 


The  age  of  the  cordless  electric  appK- 
aiice  is  upon  us.  Anything  from  a  $5.00 
flashlight  to  a  $60,00  diill  can  be  obtained 
with  a  built-in  battery  and  charger,  and  the 
list  includes  such  "essentials"  of  modem  life 
as  electric  slicing  knives  and  electric  tooth- 
brushes. Sooner  or  later  some  of  these  gad- 
gets quit  working  and  wind  up  in  the  trash 
can.  The  pui-pose  of  this  article  is  to  point 
out  to  hams  that  they  can  be  a  som'ce  of 
useful  and  unusual  parts. 

The  diagram  of  a  typical  cordless  appli- 
ance is  shown  in  Fig.  1,  In  this  diagram  B 
is  a  nickel-cadminni  cell,  or  a  battery  of  such 
cells,  which  is  the  heart  of  the  device.  The 
useful  load  (flashlight  bulb,  or  whatever)  is 
represented  by  R^  and  the  switch  is  used  to 
turn  it  on  and  ofi^,  The  charging  circuit  con- 
sists of  the  Capacitor  C  and  the  bridge  recti- 
fier assembly  CRl  through  CR4, 

Tlic  tola]  voltage  of  the  battery  B  is 
usually  just  n  few  volts^  considerably  less 
than  the  115  V  60  Hz  power  used  for  charg- 
ing. As  a  consequence  the  rectifier  operates 
under  current-limited  conditions,  that  is  the 
charging  current  through  the  battery  is 
practically  the  same  as  the  rectifier  short- 
circuit  current.  This  current  is  determined 
by  the  electrical  size  (capacitance)  of  the 
capacitor  C. 

A  capacitor  of  1  mF  has  an  impedance  at 
60  Hz  of  2650  ohms,  and  if  connected  across 
tlie  line  would  draw  a  current  of  43  mA. 
Allowing  a  little  leeway  for  the  various 
tolerances  a  1  /i*F  capacitor  will  produce  a 
charging  current  between  40  and  45  niA. 
Smaller  capacitors  w^ill  produce  lower  charge 
rates,  and  vice-versa.  Of  course  the  charge 
rate  is  directly  affected  by  the  line  voltage 
and  frequency.  Another  way  to  look  at  it 
is  to  assume  that  the  capacitor  charge  re- 
verses with  each  reversal  of  polarity  of  the 
line,  whereupon  the  capacitor  '*dumps*'  a 
quantity  o{  electricity  equal  to  twice  its 
charge  through  the  rectifier  and  into  the 
l^attery. 

Most  of  the  smaller  cordless  appliances 
are  not  made  to  be  repaired  and  are  sealed 
tightly  in  plastic  housings.  The  housing  pro* 
tects  the  user  from  shock  hazard  and  re- 
duces   any   danger   \\'hicli   might  exist   from 
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exploding  cells,  but  does  nothing  to  facilitate 
our  access  to  the  contents.  While  the  bolder 
readers  may  \\ish  to  attack  tlie  housing 
^\ith  hammer  or  vise,  a  more  cautious  ap- 
proach using  a  hacksaw  is  suggested.  Usually 
it  is  possible  to  make  a  series  of  shallow 
cuts  compbtely  encircUng  one  end  so  as 
to  get  at  the  insides  without  damage.  At 
this  point  I  would  like  to  say  that  in  my 
opinion  it  is  not  worth  the  trouble  of  open- 
ing the  device  carefully  with  the  idea  that 
it  can  be  repaired.  If  you  are  cutting  into 
an  expensive  appUajice  you  may  think  other- 
wise. 

The  first  cordless  device  I  opened  was  a 
flashlight.  This  had  been  received  as  a 
Christmas  gift  and  had  quit  before  Valen- 
tine's Day.  Since  return  would  have  embar- 
rassed the  donorj  the  thing  lay  in  the  work- 
bench drawer  for  two  years  before  I  faced 
up  to  the  problem.  Since  I  make  it  a  policy 
to  break  open  all  defunct  capacitors,  tran- 
sistors, etc.,  to  see  what  gives,  I  had  to  cut 
into  the  flashlight  before  consigning  it  to 
File  13,  The  circuit  was  as  shown  in  Fig.  1. 


Fig.  L  Typical  cirvuii  jar  a  small  cordless  appli- 
ance. 

The  batterv'  consisted  of  tw  o  cells  in  series, 
each  marked  "250",  which  seems  to  be  the 
capacity  in  milliampere-hours.  The  charging 
capacitor  was  0*325  ^F,  The  rectifier  was  a 
pellet  about  the  size  of  a  pea.  One  Ni-Cd 
cell  was  defective  and  all  other  parts  were 
good.  The  charger  charges  the  single  good 
cell  at  16  mA  when  connected  across  mv 
power  line  (which  reads  a  little  over  120  v). 
After  discarding  the  lens  and  housing  I 
wound  up  with  die  following  usuable  parts: 
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1  Slide  switch 

1  Lamp  bulb 

(The  parts   mounted  on  an  ac  plug  and 

suitable  for  re-use  as  is) 

1  Capacitor,  0,325  mF,  200  v  dc 

1  Bridge  rectifier 

1  Ni-Cd  cell,  250  mA 

The  next  victim  on  my  list  was  an  electric 
toothbrush.  The  original  had  been  purchased 
from  one  of  the  big  chain  stores.  In  a  few 
v;eelcs  the  biTishes  began  sticking  in  the 
chuck  and  finally  the  shank  of  one  broke  off 
inside.  The  dealer  exchanged  the  entire  ma- 
chine  for  a  new  one.  This  one  ran  for  a 
couple  of  months  before  it  got  tired  and 
wouldn^t  brush  any  more.  Back  to  the  store 
and  we  acquired  unit  #3,  free  of  extra  cost, 
of  course.  When  it  failed  after  a  few  months 
the  wife  tossed  it  in  tlie  wastebasket  and 
forgot  the '  whole  idea  of  brushing  teeth 
electrically. 

When  the  toollibriish  was  opened  the  rec- 
tifier was  found  to  be  defunct.  This  recti- 
fier also  was  a  small  pellet.  It  was  cracked 
open  and  found  to  contain  four  rectifier 
plates,  possibly  selenium,  eac!i  about  %fi"  in 
diameter*  Otherwise  the  toothbrush  yielded 
the  following  iiarts  in  good  condition: 

1  Capacitor,  1*0  mF  250  v  dc 

1  Motor,  Pm  dc>  1,4  v  at  about  1  ampere 

1  Ni-Cd  cell,   capacity  estimated  at  700 

mA 

To  an  experimented  the  potential  utiliy  of 
parts  sucli  as  these  should  be  obvious.  The 
batteries  do  not  supply  a  lot  of  x^oltage,  but 
the  voltage  requirements  of  ti'ansistor  and 
IC  appiuatus  are  decreasing.  Many  modem 
circuits  are  designed  to  operate  around  3 
volts  and  will  operate  satisfactorily  from  a 
single  cell  if  the  highest  performance  is  not 
needed. 

More  discussion  of  the  charging  circuits 
may  be  in  order/  Note  that  in  a  circuit  like 
Fig*  1,  neither  side  of  the  battery  is  con- 
connected  to  eitlier  side  of  the  power  line. 
This  means  that  neither  side  of  the  battery 
can  be  grounded  while  under  charge-  If  a 
circuit  hke  this  is  used  in  home-built  appa- 
ratus care  should  be  taken  to  disconnect  the 
battery  from  any  exposed  loads  before  charg- 
ing, and  to  make  certain  that  you  do  not 
contact  any  part  of  the  ciicuit  while  it  is 
turned  on* 
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Fig,  2,  Simplest  charger. 

Fig,  2  shouts  an  alternate  charging  cir- 
cuit wiiich  permits  one  side  of  the  battery 
to  be  grounded.  In  this  circuit  half  of  the 
current  bled  from  the  ac  source  is  shunted 
to  ground  through  one  of  the  diodes.  For 
this  reason  the  circuit  charges  the  battery 
just  half  as  fast  as  the  circuit  of  Fig,  1  would 
for  the  same  size  capacitor. 

LOW  VOLTAGE  XFMR 


AC 


Fig.  3*  Safest  charger. 

The  simplest  and  safest  circuit  is  shown 
in  Fig.  3,  This  requires  a  transformer  for 
isolation  and  protection,  and  may  require 
some  experimentation  with  the  resistor  to 
get  the  desired  charge  rate. 

If  the  protection  afi:brded  by  an  isolating 
transformer  is  desired  but  no  suitable  low- 
voltage  transformer  is  available,  tlie  circuit 
of  Fig,  4  may  be  of  interest.  This  is  a  com- 
bination of  the   Fig.   2  circuit   and   a  high- 
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Fig.  4.  Charging  from  a  high-voltage  transformer, 

voltage  transformer.  Since  the  current  re- 
quired to  charge  the  battery  is  small  com- 
pared to  the  currents  normally  found  in 
tube-type  apparatus,  it  woidd  be  reasonable 
in  some  cases  to  use  the  secondary  of  a 
power  trnnsformer  for  this  function.  If  the 
secondary  voltage  is  above  115  volts  ac, 
it  \\  ill  be  necessar>'  to  reduce  the  capacitor 
size  to  get  the  desired  chiuge  rate. 

An  interesting  point  aris?s  in  connection 
with  the  voltage  ratings  of  tlie  components 
used  in  the  circuits  of  Figs*  1,^  2  and  4.  Of 
course   the   capacitors    should   be   rated    for 
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continuous  service  at  the  peak  voltage  en- 
countered. Just  to  play  it  safe  use  a  capac- 
itor rated  for  at  least  200  v  dc  on  a  115  v 
ac  circuit.  The  rectifier  PIV  rating  is  a  bit 
more  involved:  so  long  as  a  battery  is  con- 
nected and  drawing  current  the  rectifier 
diodes  are  subjected  only  to  potentials  not 
much  greater  than  the  battery  voltage.  In 
other  words,  the  battery  and  the  conducting 
diode  (s)  hold  down  the  voltage  across  the 
non-conducting  diode  (s).  The  situation  is 
drastically  different  if  the  charger  is  oper- 
ated without  load.  Under  this  condition 
there  is  no  current  drawn,  and  the  reverse 
voltage  applied  to  the  diode (s)  may  ap- 
proach the  peak  of  the  ac  line  voltage.  So 
we  have  a  situation  rather  the  reverse  of 
that  usually  encountered:  tliese  circuits  are 
not  harmed  by  normal  loads^  and  are  not 
harmed  by  operating  into  a  dead  short- 
circuit,  but  if  low-voltage  rectifiers  are  used 
they  can  be  ruined  by  being  operated  with 
no  load.  The  solution  is  obvious:  either  use 
high-voltage  diodes  or  don*t  operate  the 
charger  without,  a  load. 

The  writer  does  not  qualify  as  an  expert 
on  the  care  and  use  of  Ni-Cd  cells ^  and  can- 
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not  give  complete  instnictions  on  the  sub- 
ject. The  following  abbreviated  instructions 
may  warrant  consideration  by  those  with 
no  experience  at  all  along  this  line; 

L  The  voltage  of  a  single  cell  ranges 
from  about  1,1  volts  when  discharged  to 
about  1*4  volts  when  fully  charged. 

2.  Leaving  cells  discharged  in  storage, 
especially  with  a  load  connected,  does  not 
extend  their  life.  Despite  this  no  cell  should 
be  discarded  just  because  the  output  is 
below  IT  volts  before  charging. 

3.  The  capacity  in  milliampere-hours  is 
sometimes  marked  on  the  cell  Unmarked 
cells  frequently  can  be  identified  by  looking 
up  the  physical  dimensions  in  a  catalog* 
Some  of  the  radio  mail  order  companies  list 
enough  information  in  their  catalogs  to  make 
identification  possible, 

4.  Most  of  the  chargers  charge  the  cell 
at  somewhere  between  the  ten-hour  rate  and 
the  twenty-hour  rate,  that  is,  the  charging 
current  in  milliamperes  is  between  Vio  and 
¥2(\  of  the  capacity  in  milliamperes-hom's. 
This  information  can  be  used  to  design  a 
charger  for  a  cell  of  known  capacity,  or  con- 
versely, to  estimate  the  cell  capacity  from 
the  size  of  the  charging  capacitor. 

5.  Cells  contain  a  caustic  electrolyte. 
Leaky  or  broken  cells  should  be  discarded 
in  a  place  where  children  and  pets  cannot 
get  at  them.  Wash  the  hands  after  handling 
and  make  certain  none  of  the  electrolyte 
gets  in  the  eyes. 

6.  Cells  can  explode,  but  it  seems  to  hap- 
pen rarely.  I  have  had  just  one  go  up  on  me 
and  it  was  a  defective  cell  of  high  resistance 
which  I  was  trying  to  force  charge  with  a 
charger  bigger  than  the  one  included  in  the 
original  device.  It  made  a  sharp  crack  like 
a  firecracker  but  did  not  spew  its  contents 
abput.  If  the  cell  capacity  and  the  charg- 
ing rate  are  known,  overcharging  can  be 
avoided  by  discharging  the  cell  fully  before 
commencing  charging,  then  charging  just 
long  enough  to  put  in  the  rated  capacity 
plus  20%  or  so.  Probably  it  is  safest  to  re- 
move the  cell  from  any  dehcate  equipment 
in  wluch  it  is  used  before  charging. 

7.  The  potential  shock  hazard  of  any 
transformerless  charging  circuit  should  be 
recognized,  Note  that  the  manufacturers  who 
use  these  circuits  nearly  always  seal  the  ap- 
paratus so  the  user  cannot  contact  any  part 
of  the  circuit  while  it  is  plugged  into  the  ac 
Hue,  ,  .  .  W3GKP 
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Building  a  Two  Meter 


Ground  Plane 
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The  simple  ground  plane  antenna  has  long 
been  a  standard  for  siinpUcity,  low  cost,  and 
dependability  on  the  two  meter  band.  If  you 
are  just  getting  started  or  are  contemplating 
setting  up  a  two  meter  station^  the  ground 
plane  should  be  your  first  consideration  for 
an  antenna— especially  if  you  are  planning  on 
participation  in  a  net  where  a  nondirectional 
antenna  is  desired.  Granted,  the  ground 
plane  offers  no  gain  as  you  would  expect 
from  a  beam  or  yagi  antenna,  but  the 
ground  plane  need  cost  you  very  little^  and 
will  work  effectively  until  you  get  a  more 
exotic  installation.  This  article  will  cover 
none  of  the  theory  involved;  most  hams  will 
be  eager  to  get  on  the  air  now  and  ask  ques- 
tions later.  So,  if  vou  want  an  effective  two 
meter  antenna  that  will  cost  you  very  little, 
read  on. 

This  whole  idea  resulted  from  the  follow- 
ing three  conditions: 

1,  A  burning  desire  to   Ret  a  two  meter 
antenna  installed  quickly  with  no  cost 

2,  Holding  a  short  piece  of  %  inch  diam- 
eter aluminum  tubing  in  my  right  hand, 

3,  Holding  a  piece  of  one  inch  tubing  in 
mv  left  hand. 


It  soon  became  evident  that  the  %  inch  tub- 
ing would  fit  inside  the  1  inch  diameter' 
tubing,  and  very  shortly  after  this,  the  idea 
of  making  the  antenna  completely  coaxial 
evolved.  A  quick  glance  at  Fig,  1  from  time 
to  time  during  this  discussion  will  aid  you 
in  constructing  this  antenna  in  your  mind  as 
you  read.  Perhaps  later  you  can  construct  it 
in  your  garage  or  shack. 

Consfruc+fon 

The  telescoped  view  of  Fig*  1  shows  the 
antenna  pulled  apart  to  show  how^  it  is  as- 
sembled. The  bottom  piece  of  one  inch  alu- 
minum  tubing  may  be  any  length  you  desire, 
just  cut  the  top  off  squarely  and  clean  the 
rough  edges  to  aIlo%v  the  J6  inch  inner  sleeve 
to  fit  inside  it.  This  piece  can  be  about  three 
or  four  inches  long,  and  is  probably  the  most 
important  part  of  the  antenna.  This  is  where 
the  shield  of  the  coaxial  cable  is  connected. 
The  detailed  view  of  the  coax  connection 
shows  that  one  end  of  this  inner  sleeve  is 
cut  and  flattened  to  provide  a  way  of  con- 
necting the  coax  shield.  Since  it  is  difficult 
to  solder  to  aluminum,  the  coax  braid  is  re- 
moved from  the  inner  conductor  by  the  con- 
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SIGNAL  TRACER 


Here  is  an  exceptional 
value.  This  solid  state 
signal  tracer  will  make 
servicing  of  your  re- 
ceiver, AM/FM  and  TV 
very  easy.  Comes  com* 
plete  with  shielded  prod 
and  clip  cord.  Self-pow- 
ered. Six  transistors, 
four  diodes  and  one 
thermistor.  Built  In 
speaker  and  200  uA 
meter.  Attenuator  20-40- 
60  dB.  Gain  over  70  dB. 
Outputs  for  8  and  600 
ohms.  You  can  track 
down  the  trouble  in  a 
receiver  in  minutes  with 
this  little  unit. 


ONLY  $19.50 


TRANSISTOR 

DC  SUPPLY 

This  power  sup- 
ply will  operate 
transistor  radios 
and  other  de- 
vices under  re- 
pair or  where 
batteries  are  a 
drag  to  replace. 
Voltage  range: 
0-20  vdc  contin- 
uously variable.  Meter  ranges:  0-20  vdc,  0-20 
mA,  0-200  mA.  Maximum  current  capacity: 
150  mA/20  v  or  200  mA/lO  v.  Pilot  lamp,  AC 
ripple;  less  than  .25  mv  rms.  Fused.  Has 
built  in  power  transformer  and  30  watt 
power  transistor-  Built  for  continuous  duty, 

ONLY  $16.95 


MINI-LAB 

Here  is  a  complete  test  laboratory  all  In  one 
packages  A  modern  miracle  of  electronics. 
This  one  unit  contains  an  AC-DC  Voltmeter: 
50,  150,  500  volts;  0-500  mA;  lOK,  lOOK,  IM 
ohms;  resistance  and  capacitance  substitu- 
tion; 9  vdc  battery  supply;  RF  Signal  gen- 
erator 455  kHz  (and  up  to  700  kHz);  plus 
an  audio  generator  at  400  Hz.  You  can  serv- 
ice just  about  anything  with  this  lab.  YoU 
can  signal  trace  and  align  receivers  and 
trace  audio  systems,  speech  equipment,  hi-ft 
and  tape  recorders.  This  is  probably  the 
single  most  useful  piece  of  test  equipment 
ever  to  come  along, 

SPECIAL  $24.95 


Distributors  ond  Reps  Waniedl 

Please  write  to  John  Kneeland,  Sales  Man* 
ager  about  handling  this  fine  line  of  im 
porled  test  equtpment. 


If  your  local  distributor  does  not  handle  the  DGP  line  you 
may  order  direct  from  Redline,  Jaffrey,  N*Hp  03452,  Pledsa  in- 
clude a  little  extra  for  postage  charges. 


ea  box  231  JAFFREY,  N.  H.  03452 


ventional  method  of  bending  the  cable,  with 
the  plastic  outer  shield  removed,  into  an  in* 
verted  U-shape,  separating  the  wire  braid  of 
the  shield  and  pulHng  the  inner  conductor 
out  through  the  hole*  This  is  more  difficult 
with  the  larger  cable,  such  as  RG-8,  but  it 
can  be,  and  is  best  done  this  way.  Of  course, 
the  smaller  RG*58  can  be  used  as  well,  to 
lower  costs.  The  shield  is  now  flattened, 
tinned  with  solder,  and  can  be  fastened  to 
the  inner  sleeve  with  a  self-tapping  metal 
screw.  All  holes  were  made  with  an  ice  pick 
to  simplify  construction.  The  coax  shield  may 
be  permanently  mounted  after  the  next  step 
which  is  construction  of  the  driven  element. 
All  elements  can  be  made  about  19 K  inches 
long  for  144  MHz  operation.  Allow  a  little 
more  length  for  the  driven  element  to  go 
down  inside  the  inner  sleeve.  The  driven 
element  is  made  from  Ji  inch  diameter  copper 
tubing  to  aUow  for  soldering  it  to  the  coax 


inner  conductor.  The  only  problem  that  some 
of  you  may  find  is  locating  something  to  hold 
the  driven  element  in  place.  In  my  case  this 
was  solved  quite  easily  by  a  thick- walled 
piece  of  rubber  hose  that  tightly  fit  onto 
both  pieces  to  provide  mounting  and  insula- 
tion. If  you  can't  find  a  piece  of  hose  try 
wrapping  the  driven  element  with  plastic 
electrical  tape  to  provide  the  same  effect  as 
the  hose.  After  vou  have  done  this  the  coax 
may  now  be  connected.  After  the  inner  con- 
ductor is  soldered  on,  slide  on  the  inner 
sleeve  and  attach  the  coax  shield.  If  this 
makes  too  large  a  lump  to  fit  into  the  bot- 
tom piece  of  aluminum  tubing,  file  or  grind 
it  until  it  does. 

Now  that  this  part  has  been  assembled, 
the  ground  planes  can  be  attached.  These 
elements  were  cut  from  an  old  TV  antenna 
and  are  IBJa  inches  long.  Flatten  the  ends 
with  a  hammer  and  make  holes  in  them  for 
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the  metal  screws.  Make  three  holes  for  the 
screws  in  the  one  inch  tubing,  all  the  way 
through  to  the  insulator.  Obviously,  the 
screws  can  not  be  so  long  that  they  will 
short  out  the  driven  element  In  this  case 
%  inch  long  screws  worked  well.  All  three 
elements  are  tightly  screwed  into  the  an- 
tenna body  to  provide  a  secure  mechanical 
and  electrical  connection. 

The  final  step  is  to  carefully  bend  the 
ground  planes  up  to  an  angle  of  45  degrees. 
The  antenna  can  be  mounted  to  the  bottom 
piece  of  aluminum  tubing  by  any  way  you 
wish,  but  in  my  case,  I  made  a  vertical  cut 
in  the  bottom  of  the  tubing  to  split  the  bot- 
tom, allowing  it  to  telescope  over  the  top 
of  a  TV  mast*  A  clamp  was  then  applied 
around  the  split  part  to  tighten  the  two 
pieces  of  tubing  together.  The  coaxial  cable 
then  comes  down  inside  the  mast.  The  TV 
mast  was  then  clamped  to  the  top  of  my 
main  antenna  mast  with  U-bolts. 

Results 

The  only  proper  way  to  adjust  an  antenna 
is  with  the  aid  of  an  SWR  bridge  to  de- 
termine how  well  the  antenna  is  matched 
to  the  feed  line.  This  also  provides  a  way 
to  check  our  results.  In  this  case  I  was  very 
pleasantly  surprised  to  find  that  the  SWR 
for  this  antenna  is  about  Ll:l,  a  very  good 
reading,  considering  that  no  adjustment  was 
made  to  the  antenna  before  putting  it  up. 
The  important  point  to  make  here  is  that 
anyone  can  construct  this  antenna  without 
elaborate  measurements  or  adjustments  and 
be  confident  that  it  will  work,  i£  no  drastic 
errors  are  made.  The  SWR  stayed  very  con- 
stant over  the  whole  two  meter  band,  show- 
ing that  it  can  be  used  over  a  wide  range 
of  frequencies  without  degradation  of  its 
performance. 


MOVING? 

Every  day  we  get  a  handful  of  wrappers 
back  from  the  post  office  with  either  a  change 
of  address  on  them  or  a  note  that  the  sub- 
scriber has  moved  and  left  no  address.  The 
magazines  are  thrown  out  and  Just  the  wrap- 
per returned.  Please  donH  expect  us  to  send 
you  another  copy  rf  you  forget  to  let  us  know 
about  your  new  address.  And  remember  that 
in  this  day  of  the  extra  rapid  computer  it 
takes  SIX  weeks  to  make  an  address  change 
instead  of  the  few  days  It  used  to  whert  we 
worked  slowly  and  by  hand. 


Wouldn't 

your  ad 

Look  good 

here? 


oscillator^onitor 


•  a  $enjitive  broadband  RF  detector 
gives  audible  tone  signal  In  th« 
presence  of  any  RF  field  f roni  lOmw 
toT  kw  and  tOOkc  to  lOOQmc 

•  a  CW monitor  with  positive  RF" 
switch  uses  onty  8"  pickup  antenna 
and  NO  connection  to  rig  or  key  , 

•  d  code  procttce  oscillator  wHii 
odiustoble  tone  &  built  in  speoker 

•  high  goin  4  tronslstor  circuit 
powered  by  long  life  AA  pencelJ 

•  l^gougc  aluminum  cabinet  In 
white  &  block  epoxy  finish,  3  Vt" 
by  a  Vi "  by  1 V4  "  weight  S  ounces 

•  100%  U5  made  find  guoronteed 


1  O  95  Cbott  Incl) 
I  ^L  ppd  uso&can 
send  cert  ck  or  m^o. 
ny  res  add  5%  tax 


f  he  James  research  company 

M  schermerhorn  st^brooklyn  n.y.  1120! 


Since  the  top  of  the  antenna  is  sealed,  very 
little  moistme  can  get  in  to  corrode  the  coax 
connection.  The  coaxial  constriictionj  while 
being  physically  attractive  is  also  electrically 
desirable.  This  antenna  has  been  in  use  for 
over  a  month  now  and  shows  no  wear  in 
some  of  the  strongest  winds  that  we  have 
here.  In  the  same  storm,  it  even  survived 
the  heaviest  snow  fall  that  the  South  Bay 
Area  has  seen  in  eighteen  years. 

Conclusion 

If  you  have  been  considering  two  meter 
operation  perhaps  these  ideas  wall  provide 
the  incentive  that  youVe  needed.  This  an- 
tenna has  provided  me  with  an  effective 
"temporary"  installation  that  may  last  for 
several  years* 

,  .  .  WB6BIH 

(1)  If  a  ^roimtl  plane  is  moiiTited  at  tlie  side  of  a 
mast  rather  than  at  the  top,  it  will  give  a  small 
amount  of  gain  for  oo%*erinj^  an  area  other  than  a 
symmetrical  circle  around  the  antenna*  Be  sure  to 
read  '^The  Two-Meter  Groundplane  as  a,  Gain  An- 
tenna**,  by  K6MYH  in  the  January,    1968  issue  of  73. 
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Improving  Frequency 
Stability  in  Older  Receivers 


TO 
OTHER 
HEATERS 


Alfred   Wilson    W6NIF 

3928  Alameda  Dr. 

San  Diego,  Calif.   92103 


Fig.  h  Modification  Schematic 


Today's  modem  receivers  and  transceivers 
are  marvels  of  engineering  advancement  and 
a  joy  to  look  at  and  operate.  Frequency 
stability  and  selectivity  are  just  about  as 
good  as  anyone  could  ask  for.  But  what 
about  the  old  clunkers  of,  say,  1950  and 
earlier  vintage  that  many  of  us  are  stuck 
with?  Components  deteriorate  vrith  time,  tem- 
perature, and  humidity  to  the  point  where 
many  of  lliese  older  sets  are  virtually  useless 
for  communications  purposes,  especially  on 
single  sideband  and  cw. 

The  following  article  offers  an  easy  and 
inexpensive  way  of  reducing  local  oscillator 
frequency  drift  to  a  degree  that  is  competi- 
tive with  contemporary  designs.  The  writer's 
receiver  is  a  case  in  point.  Local  oscillator 
drift  became  so  bad  over  the  years  that  the 
25-year-old  receiver  was  impossible  in  DX 
or  contest  work. 

The  if  circuits  had  been  reworked  in  the 
past  for  increased  selecrivity,  and  the  local 
oscillator  drift  problem  was  aggravated  be- 
cause the  narrower  bandwidth  reduced  the 
size  of  the  **window"  in  which  the  oscillator 
frequency  had  to  stay  put.  Receiver  drift  be- 
came so  bad  during  periods  when  the  trans- 
mitter was  on  the  air  that  it  was  futile  to 
even  call  a  station  in  QRM.  He  just  wasn't 
there  when  the  receiver  was  reactivated. 
After  losing  se%'eral  DX  contacts  because  of 
this  nuisance,  it  was  decided  that  something 
had  to  be  done. 

The  receiver  local  oscillator  is  typical  of 
those    in    most    older    sets:    a    triode    in    a 


grounded  cathode  Hartley  circuit,  with  neg- 
ative temperature  coefficient  coupling  and 
padding  capacitors.  Oscillator  plate  and 
mixer  screen  voltages  are  stablized  with  a 
VR  tube.  This  particular  receiver  even  had 
a  temperature  compensating  device  on  the 
frame  of  the  local  oscillator  tuning  capacitor. 
This  little  gadget  was  a  bi-metal  strip  that 
operated  on  the  thermostat  principle.  As  the 
internal  temperature  of  the  receiver  rises, 
the  bi-metal  strip,  which  is  positioned  close 
to  the  end  of  the  oscillator  tuning  capacitor 
rotor  ^haft,  moves  in  a  direction  to  reduce 
the  oscillator  tuning  capacity.  This,  theo- 
retically,  is  supposed  to  compensate  for  the 
frequency  drift* 

All  the  usual  remedies  to  cure  drift  were 
tried  without  much  success*  Replacing  the 
oscillator,  mixer,  and  VR  tubes  did  not  help. 
The  temperature  compensating  capacitors 
(couphng  and  padding)  were  replaced  with 
units  having  a  higher  negative  temperature 
coc*fRcient,  Tliis  helped  to  stabilize  the  long- 
period  drift,  but  did  not  solve  the  problem 
for  short-term  variations  such  as  occurred 
during  standby  (receiver  B  voltage  oflF; 
transmitter  on). 

A  hot  soldering  iron  placed  near  the  bi- 
metal compensator  strip  had  absolutely  no 
efiFect.  The  thing  wouldn't  budge,  even  with 
the  iron  almost  touching  it.  The  only  answer 
to  this  seemed  to  be  that,  over  the  years,  the 
coefficient  of  expansion  differential  of  the  two 
metals  had  somehow  changed,  so  that  it  was 
probably  near  unity;  hence  no  movement 
with  temperature  variation.  Out  \^ith  the 
*'bi-metal  compensating  strip"! 

In  a  final  attempt  to  stabilize  the  receiver 
local  oscillator,  some  quick  measurements 
revealed  that  the  oscillator  heater  \  ullage 
decreased  from  a  nominal  6.3  volts  to  any- 
where from  5*6  to  5.8  volts  when  the  trans- 
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mitter  was  turned  on,  depending  on  what 
other  transient  loads  were  on  the  llo-volt  ac 
line*  One  remedy  would  have  been  to  run  a 
pair  of  No*  6  ac  feeders  into  the  shack,  but 
this  would  have  cost  about  $100  including 
materials,  electrician's  license,  and  inspec* 
tion  fees* 

The  circuit  of  Fig,  1  solved  the  problem 
nicely,  with  a  total  outlay  of  about  $2.00  for 
the  1N1591  zener  diode,  (The  other  parts 
were  obtained  from  the  junk  box.) 

The  IN  1707  silicon  diodes  are  in  a  half- 
wave  voltage  doubhng  circuit*  The  current 
through  resistor  R?  depends  on  the  load,  Rl; 
i*e*,  the  current  required  by  the  oscillator 
heater.  The  only  precautions  to  observe  are 
that  the  diode  polarities  are  as  shown  and 
to  make  certain  that  the  value  of  Rs  is  such 
that  the  zener  does  not  exceed  its  maximum 
power  dissipation  if  Rt.  is  removed*  An  added 
refinement  is  to  include  the  mixer  heater  in 
the  regulator  circuit,  again  observing  the  re- 
quirement for  maintaining  the  zener  power 
dissipation  within  ratings  by  appropriate 
choice  of  Rf. 

What  actually  happens  in  the  oscillator^ 
when  heater  voltage  varies,  is  that  the 
tliermal  differential  changes  the  heater-cath- 


ode capacitance*  The  cathode  is  part  of  the 
Hartley  tuned  circuit,  so  obviously  the  LC 
ratio  is  no  longer  constant  under  these  con- 
ditions. Another  effect  is  that  oscillator  grid 
current  also  varies,  further  complicating  the 
stability  problem. 

With  the  receiver  cooled  down  in  this 
manner,  the  oscillator  drift  was  reduced  by 
an  order  or  magnitude;  i.e.,  from  2000  to 
200  parts  per  million.  An  added  benefit  was 
that  dc  is  used  on  the  heaters^  with  a  corres- 
ponding reduction  in  hum  on  the  10  and 
15  meter  bands, 

.  .  .  W6NIF 


Swedish  CB 

A  note  from  SM5ZS  tells  us  that  there  are 
now  about  15,000  Private  Radio  licenses  in 
Sweden,  This  is  the  same  as  our  CB  with 
licenses  being  issued  for  $4  to  anyone  over 
18  years  old.  They  may  not  contact  stations 
which  are  not  on  the  same  license.  They  are 
permitted  %  watt  on  the  lower  PR  band  and 
5  watts  on  the  higher  band.  Many  potential 
amateurs  are  getting  interested  in  radio 
through  the  PR  license. 


OUTSTANDING 
HAM  V-O-M 

20,000  Ohms  per  volt  dc 

5,000  volt  dc  range! 

DC  Volts:  2,5,  10,  50,  250,  500,  5000, 

Ohms:  12K,120K,  1.2M,  12M 

DC  MA:  .05,  5,  50,  500. 

AC  Volts:  10,  50,  250,  500. 

DB:  0,  14,  28,  34,  40. 

PRICE  ONLY     7 

ptus  90c  postage  and  shipping 
no  taxes  anywhere 

REDLINE  Co. 

JAFFREY,  N.H.  03452 
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SERVICE  AND  FRIENDLINESS 

To  Radio  Amateurs  For  32  Years 

Wi  MUST  Bf   DOING   SOMETHING   RIGHT. 

PHONE 

519^342 
0350 


USED  EQUIPMENT 


RECEIVERS 

Collin*      7SS3--$475,00 
Drake  lt*4— S3Z5.M 
Hnmrnarlund   HQUOA 

VHF.       Mint— $249.00 
•Kat tonal  Xr-3ftf^^$l 40.00 
ilallirraftots     8X-96 

Clean— Si  29.00 
HtmmAriimd    HQI40 

SI  29.00 
Miis:t>   rM-l,  plU5  Heaih 
q    multiplier— SI 00.00 
Uamrimrhin*!    HQirtl 

rietn—  S2 1 0.00 
HammairUind     HQIOd 

Mlm— '1 149.00 

TRANSMITTERS 

**B    &    W    0100—5209.00 
HttlUt^rdfttTs     JlT-a7 
ripuii— $250.00 
**HankTafti-rs      HTI4, 
plm     I'H-150— I23B.O0 
Geloso    2-12    Mint—SaS.OO 


llaintiMirSxinrl    HX-50 

MUU— $275.00 
Ckgg    Thor    6,    pHis    AC 
suE>pl3%    Clean— $225,00 
Cimlral  EleciTCriles 

lOftC— S275.00 

TRANSCEIVERS 

Katiniial  NCX'5   iFartOty 
ifiiiHlttl^d   td  Maik   II 
— HCO.OO 

XrX-3     (Hlfih    serial 

number  J — ^$230.00 
*Swan    240   AV   an.i    UP 
suinHles.      Clean-  $275.00 
Fo  iy CO  -iiTn    6 — $  1 1 B  .00 

ilNEARS 

nXh'l     Mint— $200,00 

♦*Co11ins    30LI    Mint- 
$400.00 

♦^Speciai,    no    cil^counta. 
•"Consignment. 


Prices   may   be   dlscounfed   10%    In   lieu   of   trade* 

Just  off  Exit  27  on  Thru  way 
Distributors  of  all  major  lines 
n  of  amateur  equipment. 

MiOSiiiMO^  giJg^tv.  INC. 

185  WIST  MAIN,   AMSTERDAM,  H.X.   12010 


APX-6  transponder  is  backi!  Popular  set  con- 
verts to  XMTR-RCVR.  Unit  in  I2l5-I300mc.  band. 
Uses  cavity  osc  £c  2C42  as  XMTR.  2C46  as  local 
osc  l,F.  Freq:  iOmc.  Slier  I3"x13"^k10".  Approx. 
wt.:  35  lbs.  Used,  Ex.  Corid,  Less  Tubes  $31.95 
1215-1355  MC.  Test  Set  SM65/up.  Can  be  used 
as  RCVR,  with  I.F.  of  I7.5mc.  or  as  freq,  meter, 
Rel.  Pwr  meter,  etc.  Directly  cailibrate  in  Fre* 
quency  &  DB,  Operates  IISV.,  60  cy.  SUe;  I5"k 
I6^^' 3t?A*V    Net    wt,    42    lbs.    Used.    Ek,    Cond. 

$65.00 
FocsTmile  Recordert  RD  ?2-  Rotary  drum,  ltd 
60  RPM.  Contrast  adj.  from  lODB  to  20  DB.  Uses 
direct  stylus  on  specialty-treated  paper.  Copy 
siie  Is  I2'^xl8%"-  Overall  slie:  l4*/2x20"jtl6V3". 
Operate  on  M7V/60  cy.  I  SOW.  Net  wt,  75  lbs. 
Used^  Ei,  cond.  wrth  Pkg,  of  2S0  sheets  of  spe- 
cially treated  paper.  S27S.0O 
Teletype  Trdiis*-Dlst.  For  perf  Tape^  TT57/FG, 
used,  Ex.  Cond<  132,50 
F*M.  Perm,  Mognet  Voke-coii  driven  capacitor 
?p|[t  stator  35MMF/Sect,  voice  coil  8  ohms,  Lo^ 
loss  ceramic.  Siie:  2W'  sq.x2''  D.  $3.75 
10-pushbulton  tuner  assy.  For  FM  RCVRS  BCA03, 
BC£8.  etc.  Complete  with  10  trimmers  &  main 
variable  capacitor.  Slie:  (0"x4''x6"  $4,50 
Teletype  Po'cir  Relays.  Type  2SSA  (236  ohms)  or 
type    2I5A    (?0   ohms).    Please    specify.  S3. 95 

DifcUrange  Butterfly  Osc,  Assy* 
Tunes  50-110  MC  and  1 1O-500MC  in 
2  ranges.  With  7-pin  wired  socket 
for  ?002  tube  (not  supplied)    S9,9S 


RADI 
SHOP 


VOM  SENSITIZER 


9  INC. 

,138  WATER  STREET,  SO.  NORWALK,  CONN. 
TEL:  203-866-3557   


0-400 


ssoo         T 


OA€  VOLTS 


+ 1  kV       +150         +15 
UVAC      ISO  VAC      15  VAC 


Here's  a  wav  to  use  a  150  mA  VOM  as  a 
0-450  micrammeter— an  increase  in  sensitiv- 
ity of  333- fold*  It  takes  no  transistors,  bat- 
teries, diodes,  or,  for  that  matter,  wire  or 
solder.  The  whole  job  can  be  done  in  five 
seconds. 

The  meter  used  is  Radio  Shaek*s  small 
1,000  ohms  per  volt  \' OM  #22-4027,  which 
sells  for  $5.95.  Other  radio  supply  houses 
sell  identical  or  similar  ones,  possibly  made 
by  the  same  Japanese  manufacturer.  It's  the 
one  that  measures  3K"  x  2%"  x  V\ 

To  make  the  0-450  microammeter  out  of 
it,  simply  put  the  positive  test  lead  in  the 
*'AC  Volts"  socket,  and  the  negative  lead  in 
the  usual  one  (labeled  DC-ohms  in  Radio 
Shack's  version),  and  you're  in  business. 

To  see  how  it  works,  take  a  look  at  the 
circuit. 

The  meter  movement  has  a  sensitivity  of 
about  400  microamps;  Re,  inside  the  meter, 
calibrates  it  to  that  figure.  Used  to  measure 
current,  the  VOM  shunts  the  test  leads  with 
Rs?,  about  2 J  ohms.  Remaining  current  flows 
through  the  meter,  with  910  ohms  in  series 
with  the  meter's  internal  resistance  of  about 
100  ohms.  Result:  150  mA  sensitivity. 

But  if  you  feed  the  unkown  current  in  by 
way  of  the  "AC  Volts*'  socket  (positive)  and 
the  "DC  mA"  socket  (negative),  the  current 
will  flow  through  part  of  the  diode  bridge 
direct  to  the  meter.  This  leaves  a  shunt  of 
2.7  ohms  or  so  (Rs).  but  of  nearlv  913  ohms. 
This  is  of  course  large  compared  with  the 
meter's  internal  resistance. 

This  shunt  and  the  small  forward  resist- 
ance of  tlie  diode  in  series,  give  a  range  of 
0-450  microamps. 

It's  a  convenient  figure,  for  the  calibration 
on  the  meter  face  is  0-150.  Simply  multiply 
by  3  to  get  a  tiue  reading.  . , .  WN6ZRB 
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Missed  Opporfunifies 

While  a  lot  of  hams  seem  to  be  looking 
around  for  some  way  to  get  a  toe  in  the  hiim 
business  end  of  things,  I  notice  that  one  nice 
little  enterprise  has  been  left  rather  open  for 
several  years. 

Kits,  A  few  years  ago  we  had  a  chap  down 
in  Texas  that  used  to  put  together  kits  for 
most  of  the  interesting  construction  projects 
that  were  published  in  the  liam  magazines 
,  .  .  particularly  those  usirig  printed  circuit 
boards*  He  did  a  nice  brisk  business  in  these 
kits.  Then  along  came  a  heart  attack  and  he 
had  to  take  it  easy. 

There  probably  isn't  enough  profit  in  the 
thing  to  attract  a  regular  parts  supplier,  one 
who  would  have  to  pay  salaries  .  .  .  but  it 
should  be  a  good  home  business  for  a  fellow 
with  some  time  on  his  hands  and  enough 
money  or  credit  to  work  up  a  deal  with  a 
parts  supplier. 

After  my  own  experience  in  the  kit  busi- 
ness a  couple  years  ago  I  would  suggest 
some  agreement  with  the  parts  supplier 
whereby  he  will  take  back  unused  parts  for 
credit.  The  margin  on  kits  has  to  be  rather 
small  in  order  to  attract  buyers  so  you  can't 
really  afi^ord  to  have  a  lot  of  stuff  sitting 
around  when  a  kit  runs  out  of  steam,  I  found 
that  kits  sold  quite  well  ,  ,  ,  some  sold  hun- 
dreds upon  hundreds.  My  only  problem  was 
that  I  ran  out  of  spare  time  to  do  the  work 
needed.  This  might  make  a  nice  little  family 
less. 


GATEWAY 

ELECTRONICS 

6150  Oelmar  Blvd.p  St.  LouiSp  Mo«  63112 

RTTY  sealed  mercury' wetted  polar  relay 
(direcl  replacement  for  Model  255  po- 
lar relay).   No  adjustments  required   ......$     4,95 

Transistor  inverter  kit;  12  VDC  to  117 
VAC,  200  watts*  With  diagram,  fess 
case    .,^ , $   14.95 

5-channe!  150  MC  12  V.  &E  Progress  Lfne 
mobile  telephone:  foil  dupleit,  transistor 
power  supply.  Secode  decoder.  Less 
cables  and  control  head.  Shipping  wt, 
60   lbs- .„- ...„,,,$ 

40-0-40   uA  Weston  meter  2%" „,...$ 

New  current-production  ice  maker  ma- 
chine; complete  with  water  valve  and 
Instructions  for  installation  in  refriger- 
ator freezing  compartment  or  freezer  ....$   14,95 

7200  VCT  @  I  A,  transformer,  110/220 
volt   primary,   60   cy.   Shipping    wt,    110 

New  Jenninqs  Vacuum  Variable  (UCS- 
300}  with  motor  drive;  10-300  pf. $  35.00 


195.00 
2.95 


TOROID  POWER  TRANSFORMERS 
THESE  ARE  NEW  AND  UNUSED 

#  T-2 — This  toroid  was  designed  for  use  in  a 
hybrid  F.M.  mobile  unit,  using  a  single  8647 
tube  in  the  RF  amp.  for  30  watts  output. 
Schematic  included,  12  VDC  pri,  using  2N1554's 
or  equivalent.  Sec.  itl  500  volts  DC  out  at  70 
watts.  Sec,  #2  -^65  volts  DC  bias.  Sec.  #3  1^ 
volts  AC  for  filament  of  8647  tube.  Sec.  #4  C/T 
feed  back  winding  for  2N1554*s,  I'i"  thick. 
2^4  '   dia »„» $23S  ea.— 2  for  i^M 

^  T-3 — Has  a  powdered  iron  core  and  is  built 
like  a  TV  fly  back  transformer.  Operates  at 
about  800  CPS.  12VDC  Pri.  using  2N442^s  or 
equivalent.  DC  output  of  V/DBLR  475  volts  90 
watts.  C/T  feed  back  winding  for  2N442'b. 
$2,95    ea.    ,,,„., „. »„ .1   fm-   $5,00 

#  CI — HV  swinging  choke  6-30  Hy  140  ohms 
dc   wt   15  Vi   lbs , $7.00 

#  C2 — Transistor  swinging  choke  29  mH/lA, 
4.25  mH/4A,  1.3  ohms  dc,  wt  1.5  lbs.  ,.. ,MJ0O 

#  C3 — ^Choke,  6  Hy  150  mA  wt  3  lb , $1.00 

•i 

Transformers 

#  P4^105-11S-125  V  60  cy  pri.  6.4v  @  llA,  a05v 
@  VzA,  17v  ^  45mA  (relay  power),  Wt  10 
lbs «, „.»„ ,...$2.95 

All  prices  F.O.B.  All  weights  listed  are  net. 
Please  allow  for  packaging.  Please  allow 
enough  for  postage.  We  will  return  any  extra. 


TOWER  COMMUNICATIONS 

924  Erm  St.,  Racine,  Wi«.  53401 
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The  Care  and  Feeding 

of  a  Ham  Club 

Part  IV  Hams  VS  the  Public 


Carole  Allen   IfSNQQ 
308  Karen  Drive 
Lafayette,  La.  70501 


Hams  get  a  lot  of  publicity,  but  it  isnt 
always  the  right  kind.  One  bad  case  of  ham- 
type  television  interference  can  stir  up  a 
whole  neighborhood,  and  it  takes  a  lot  of 
good  publicity  to  calm  it  dowTi.  In  fact,  the 
more  time,  money,  and  energy  the  publicity 
chtiirman  has  to  devote  to  his  job,  the  better 
it  is  for  every  member  of  the  club. 

Sending  notices  of  meetings  and  social 
events  to  membeis  is  among  the  routine 
duties  of  the  chairman,  but  there  are  lots 
more.  Folks  who  don't  know  much  about 
amateur  radio  get  the  idea  that  all  hams  can 
do  is  call  *'CQ",  talk  about  the  weather,  and 
broadcast  on  television  sets  when  the  best 
programs  are  on.  Sooner  or  later,  some  of 
tliese  people  ask  "why"  and  want  answers. 

The  "ounce  of  prevention  is  worth  a  pound 
of  cure"  policy  is  always  best  because  folks 
who  realize  they  may  need  a  high-pass  filter 
on  their  own  TV  set  will  try  to  sweep  their 
own  doorstep  before  lynching  the  neighbor- 
hood ham.  It's  safe  to  assume  that  the  gen- 
eral public  doesn't  know  what  knowledge  a 
ham  has  to  have  to  get  a  license,  the  regula- 
tions he  observes,  etc.,  so  this  is  a  good  place 
to  start.  Every  newspaper  and  radio  station 
clamors  for  interesting  features  about  local 
personaUties,  and  the  publicity  chairman 
should  take  advantage  of  this  chance  to  get 
the  *liain  story**  across*  By  introducing  an 
operator  and  liis  family  to  the  community 
and  then  sneaking  in  vital  facts  about  filters, 
FCC  reguIutionSj  and  the  ham's  role  in  emer- 
gencies anl  disasters,  the  publicity  chairman 
can  sugar-coat  the  public's  pUl  and  get  alot 
of  information  to  them. 

An  informal  interview  on  the  local  broad- 
cast station  reaches  hundreds  of  owners  of 
small  fil termless  radios  who  pick  up  amateur 
transmissions  as  handily  as  some  television 
sets. 

The  intervdew  or  article  should  begin  with 
a  brief  explanation  of  "How  to  be  a  Ham'* 


A  sharp  Pubiiciiy  Chairman  will  always  be  on  the 
look-out  to  publicize  the  activities  and  public 
services  oj  local  hams.  Photographs  oj  each  mem- 
ber   available   far    publication    add    interest    to    a 

pabUcity  release^ 

moving  on  to  the  "fun  side"  about  what  its 
like  talking  to  every  type,  age,  size,  and  color 
human  being  all  over  the  world,  and  then 
finishing  on  a  public  service  theme.  It's  just 
human  nature  to  enjoy  hearing  what  some- 
one else  can  do  for  you,  so  mention  Civil 
Defense  programs,  RACES  plans,  the  avail- 
ability of  emergency  communications,  and 
the  nation's  network  of  willing  volunteer 
hams.  If  a  person  is  going  to  know  anything 
about  amateur  radio,  he  ought  to  get  all 
sides  of  the  story. 
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The  publicity  chairman  should  fry  to 
strike  while  the  iron  is  hot  when  big  ntws 
breaks*  If  your  club  flies  into  action  during 
a  crippling  ice  storm,  hurricane,  or  forest 
fire  to  order  medical  supphes,  provide  com^ 
munications,  dispatch  trains,  or  call  fire 
fighters,  let  the  public  know.  Before  the  ashes 
cool  or  the  ice  melts,  t>pc  up  news  releases 
for  all  newspapers  in  the  area.  Do  the  same 
before  and  after  practice  alerts  and  mobile 
drills;  let  the  people  hear  that  hams  spend 
hours  and  days  at  the  job  of  being  ready  to 
work  for  the  public. 

Field  Day  offers  another  golden  oppor- 
tunity to  advance  the  cause  of  amateur  radio. 
News  releases  with  photographs  of  local 
hams  get  more  attention  than  a  nameless 
review  of  what  the  club  is  going  to  do  and 
where.  Emphasize  and  re-emphasize  the  fact 
that  the  purpose  of  Field  Day  is  to  test 
equipment  and  train  operators  who  will  be 
needed  to  serve  if  real  trouble  comes  along. 
The  truth  is,  of  course,  that  bad  publicity 
travels  as  fast  as  lightning  to  ground  and 
people  leam  all  too  quickly  about  TVI,  BCX, 
and  HI-FU,  A  Publicity  Chairman  has  to 
work  hard  to  show  John  Q,  Public  that  hams 
are  important  and  valuable  members  of  every 
community. 

How  About  a  Job? 

Election  of  new  club  officers  is  sme  to  start 
members  buzzing,  and  whether  you  vote  in 
the  spring,  fall,  or  in  between,  make  the 
most  of  it  Attendance  should  be  great  on 
election  night,  for  when  everyone  gets  the 
word  that  its  time  to  switch  jobs  around, 
they'll  show  up  in  self-defense  to  make  sure 
nobody  else  "volunteers"  their  services. 

One  tried-and-true  election  procedure  be- 
gins witli  a  list  of  candidates  drawn  up  by 
a  nominating  committee  appointed  by  the 
president.  This  group  of  thinking  people  can 
take  their  time  picking  prospects  who  seem 
qualified  for  certain  jobs.  They've  got  to 
remember  that  everybody  isn't  able  to  lead 
a  meeting,  take  down  notes,  or  keep  the  bank 
account  balanced-  Sam's  voice  may  flow  hke 
honey  when  he's  holding  a  mike,  but  he 
might  spew  and  sputter  with  a  president's 
gavel  in  his  hand.  In  addition  to  selecting 
candidates  who  will  work  out  well,  the  com- 
mittee can  check  to  make  sure  the  by-laws 
of  the  club  are  observed.  For  instance,  the 
Stuyvesant  High  School  Radio  Club  of  New 
York  with  150  members  stipulates  that  tlieir 
president  must   hold   at   least   a   Technician 
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In  order  for  a  club  to  be  ready  to  junction 
smoothly  during  a  disaster  or  emergency,  drills 
have  to  be  planned  on  a  regular  basis.  Here,  a 
mobile  operator  (lejt)  relays  traffic  from  the 
scene  of  a  near-drowning. 

or  General  Class  license  while  Novices  can 
be  secretary  or  treasurer  if  they  have  spare 
time  after  copying  code. 

To  avoid  embarrassment  and  confusion  at 
the  election  itself,  the  committee  should 
check  with  the  candidates  to  make  sure 
they'll  accept  if  voted  in.  If  the  "O.K."  is 
given,  the  list  can  be  presented  to  the  mem- 
bership for  their  revisions  and  approval*  The 
president  wiU  ask  for  nominations  from  the 
floor  before  the  final  vote  in  order  to  give 
everyone  an  equal  chance. 

It's  generally  agreed  that  the  "secret  bal- 
lot" is  the  best  way  to  elect  officers  to  avoid 
hard  feelings  among  friends.  Why  risk  a 
rhubarb  if  it  isn't  necessary? 

Here  and  there,  a  club  chooses  to  pass  the 
buck  and  elect  a  Board  of  Directors  who 
function  annually  to  pick  a  new  president, 
vice-president,  secretary,  and  treasurer. 

Sometimes  members  say  "no'"  to  the  nomi- 
nating committee  because  they  re  not  sure 
what's  expected  of  tliem.  For  this  reason,  a 
clear-cut  definition  of  the  duties  of  the  officers 
will  be  a  big  help.  The  Johns  Hopkins  ARC 
of  Baltimore,  Maryland,  submitted  a  good 
example  of  a  Constitution  which  leaves  no 
questions  unanswered.  Consisting  of  10  Ar- 
ticles with  numerous  points  of  explanation, 
it  covers  everything  from  Puipose  and 
Policies  to  Voting  and  Attendance.  Under 
Duties  of  OflScers,  the  following  comments 
are  listed  which  can  be  applied  to  all  clubs: 

1*  The  President  shall  preside  at  all  meet- 
ings and  shall  assume  all  duties  usually 
associated  with  this  Office.  He  shall, 
further,  be  a  member  ex-officio,  of  all 
standing  committees  and  shall  execute 
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all  duties  as  are  assigned  him  in  sev- 
eral places  in  this  Constitution  and  its 
By-Laws. 

2.  The  Vice-President  shall  assume  the 
duties  of  President  in  the  absence  of 
that  Officer.  He  shall,  further,  assist  the 
President  in  all  functions  of  that  Office 
and  shall  be  a  member  ex-officio  of  all 
committees. 

3.  The  Secretary  shall  Iceep  an  accurate 
record  of  all  Official  meetings  of  the 
Club  which  may  be  ready  upon  request. 
He  shall  also  carry  out  all  such  cor- 
respondence as  is  necessary  in  the  nor- 
mal  operation  of  the  Club. 

4.  The  Treasurer  shall  handle  the  finances 
of  the  Club,  He  shall,  further,  be  re- 
sponsible for  filing  the  necessary  forms 
with  the  Student  Activities  Commission 
of  the  Johns  Hopkins  University  for  the 
purpose  of  obtaining  funds  from  the 
Club's  Account  with  the  Commission, 
These  forms  shall  be  counter-signed  by 
the  President. 

If  the  Nominating  Committee  can  cajole, 
conNance,  and  wheedle  members  to  take  over 
die  top  spots,  their  Job  is  almost  done;  that 
is  J  if  the  club  has  a  constitution  similar  to 
the  Hopkins  ARC  specifying  that  the  Presi- 
dent shall  make  various  appointments. 
Among  the  important  chairmanships  to  l)e 
filled  are:  Publicity,  Program,  Field  Day,  Re- 
freshments, Newspaper,  Special  Projects, 
Training,  Civil  Defense  and  Alerts,  Attend- 
ance, Fixed  Station  and  Traffic  Handling, 
and  dozens  of  others • 

Should  the  nominating  committee  or  the 
new  president  find  that  nobody's  willing  to 
take  a  job,  there's  only  one  course  of  action 
left  .  .  ,  Just  fall  back  on  the  system  used  by 
the  Bedford  Radio  Club  of  Massachusetts— 
they  call  it  "lassooing*'  and  it  means  Just  what 
ic  says* 

Do  It  With  Dues! 

The  best  things  in  life  may  be  free,  all 
right,  but  it  still  takes  money  to  run  a  radio 
club-  Whether  your  group  is  big  or  little, 
it's  easy  to  list  a  lot  of  items  that  cost;  some 
small,  but  all  essential* 

For  example,  postage  for  publicity  re- 
leases, meeting  notices,  and  bulletins  requires 
a  substantial  amount.  If  the  club  mails  cer* 
tificates  to  those  who  work  a  certain  number 
of  members,  this  takes  more  postage  and 
printing  expense,  too.  Most  clubs  have  bul- 


letins and  that  means  buying  paper,  stencils. 
Ditto-masters,  and  still  more  stamps,  A  large 
group  may  have  to  rent  a  hall,  maintain  a 
special  building,  and  pay  utility  bills.  LrOg 
books  and  QSL  cards  are  needed  for  the  club 
chairman,  and  don't  forget  the  program 
cliairman  who  needs  a  few  shekels  to  rent  a 
film  and  cross  a  speaker's  palm  with  silver* 

Although  there  are  several  ways  to  keep 
a  treasury  in  good  shape^  collecting  dues  is 
probably  the  most  dependable  one.  And  al- 
most everyone  is  used  to  paying  dues  in 
other  organizations,  so  announcing  that 
they're  payable  won't  be  a  rude  shock  to 
anyone. 

Many  radio  club  members  pay  their  dues 
either  annually  or  monthly,  and  the  amounts 
vary  from  $2  to  $5  per  year  from  25<^  to  50^ 
per  month.  Of  course,  the  method  of  pay- 
ment directly  affects  the  amount  of  club  in- 
come, so  the  Monthly  vs.  Annually  payment 
plan  is  discussed  enthusiastically  at  a  lot  of 
meetings- 

The  Lump-Sum  people  contend  that  fork- 
ing over  the  entire  amount  at  one  time  has 
several  advantages  including  getting  rid  of 
the  obligation  for  a  whole  year  and  also  in 
knowing  that  a  member*s  support  of  the  club 
continues  even  if  he  can't  make  it  to  every 
meeting.  Should  $5  dues  seem  steep  for  a 
family  of  two,  three,  or  more  hams,  a  scale 
can  be  used  requiring  full  dues  from  the 
**boss"  and  $1  for  his  XYL  and  each  licensed 
harmonic* 

The  Pay-as-You-Go  folks  argue  that  it's 
easier  on  the  pocket-book  to  pay  by  the 
month  or  the  meeting.  High  school  and  col- 
lege students  who  have  to  pinch  pennies 
appreciate  the  installment  plan  more  than 
adults.  For  this  reason,  too,  a  student-rate 
is  used  by  many  clubs  to  encoxirage  younger 
members  to  join.  And  although  a  busy  ham 
attends  only  three  or  four  meetings  during 
a  year  contributing  one  or  two  dollars  in 
dues,  he  may  have  a  100  per  cent  record  the 
following  year  and  more  than  pay  his  way. 
It  would  be  misleading  to  leave  the  im- 
pression that  everyone  pays  dues  without  a 
second  thought,  for  it  isn't  the  case  at  alL 
Most  hams  meet  their  obligations  as  faith- 
fully as  they  renew  their  licenses,  but  now 
and  then  someone  forgets  to  pay  off.  And 
occasionally  a  floater  shows  up  who  comes 
to  meetings,  uses  the  club  station,  dirties  the 
ashtrays,  and  drinks  free  coffee  without  add- 
ing a  cent  to  the  till*  This  guy  can  be  a  prob- 
lem  if  too  many  faithful  dues-payers  hear 
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about  him.  Since  the  treasurer  is  the  one 
with  the  purse  strings,  he  or  she  knows  who 
pays  and  who  doesn't.  Perhaps  he  can  re- 
mind everyone  at  once  during  the  business 
meeting  with  a  statement  hke  "Say,  gang, 
the  treasury's  down  a  httle;  how  about  you 
late  ones  kicking  in  your  dues?"  If  this 
doesn't  get  results ^  a  notice  in  the  club  bul- 
letin along  the  same  lines  will  serve  to  re- 
mind the  delinquent  member. 

Many  folks  prefer  a  regular  billing  pro- 
cedure, and  if  this  can  be  set  up,  payments 
are  apt  to  be  made  on  a  more  business-like 
level.  Of  course,  in  the  event  these  eflforts 
aren't  successful,  you  can  try  passing  the 
hat  to  him  at  the  meeting,  and  if  you  still 
don't  get  a  donation,  just  be  thankful  he 
didn't  take  any  out! 

.  .  .  W5NQQ 


To  all  ARRL  Members 

B.  R.  Council,  K0ATZ,  is  a  candidate  in 
the  upcoming  election  for  Rocky  Mountain 
Division  ARRL  Director, 

"Slats"  Council  is  well  acquainted  with 
the  legislative  and  administrative  side  of 
Amateur  Radio  and  the  ARRL. 

Council  pledges  his  strongest  action  for  a 
better  and  more  representative  ARRL,  and 
will  do  all  possible  to  secure  Board  action  to 
strengthen  ARRL  and  Amateur  Radio  in  the 
following; 

(a)  More  DIRECTOR  action  to  secure  com- 
pliance by  ARRL  HQ  with  Board  di- 
rectives. 

(b)  ARRL  support,  by  QST  articles,  of  FM, 
and  FM  repeaters,  ARRL  to  publish  an 
FM  manual. 

(c)  Stronger  ARRL  action  against  the  ma- 
licious QRM,  obscenity  and  other  il- 
legal operation  so  prevalent  on  the 
bands, 

(d)  Sale  of  ARRL  publications  at  lower  cost 
to  MEMBERS  than  to  non-members. 

(e)  An  ARRL-operated  outgoing  DX  QSL 
bureau,  without  delay. 

(f)  QST-published  factual  test  results  of 
maTlufactured  equipment. 

(g)  ARRL  support  of  the  EI  A  Standards 
project  and  program. 

(h)    ARRL   Communication   Department   to 
better  serve  the  ARRL  Members  thru 
handhng  of  routine  Comm.  Dept,  mat- 
ters. 


(j) 


(k) 


0) 


(i)  ARRL  to  establish  DX  committee  con- 
sisting of  representatives  of  leading  DX 
clubs,  representatives  of  all  magazines 
in  USA  carrying  DX  matters,  plus  an 
Ai{RL  staffer— this  committee  to  ar- 
range for  DX  contests,  awards,  and  to 
settle  country  lists  and  other  similar 
disputes. 

ARRL  to  take  a  more  active  part  in  the 
Amateur    Radio    SPACE    program    by 
supporting   OSCAR-type    projects^    and 
NASTAR,  the  project  to  put  a  ham  sta- 
tion on  the  Moon.  ARRL  to  equip  and 
maintain  an  ARRL  Earth- Moon-  Earth 
station    on    a   24-hour   basis    for   EME 
work  with  other  stations, 
ARRL  to  add  Field  Representatives  to 
better  SERVE  the  ARRL  members  and 
the  Amateur  body  as  a  whole. 
Mr.  Council  pledges  to  keep  the  mem- 
bership fully  infoiTiied  as  to  the  results 
ot  legislative  and  administrative  meas- 
ures brought  up  to  the  Board  for  action, 
and    to    take    cognizance    of    members 
ideas  J    desires    and    suggestions,    with 
''feed-back   to   the   members"   thru   the 
Director's  letter  to  the  Members.  ARRL 
Members  will  shortly  receive  literatuie 
setting  forth  the  above,  in  detail.  Your 
careful  study  and  consideration  of  this 
material  will  be  worthwhile. 
Your  vote  for  Council,  K0ATZ  v^dll  help 
bring  about  a  BETTER  ARRL  and  a  more 
representative   type   of   Directorship    in   this 
Division, 

Committee  to  Elect  Council  and 

Banks, 
A.   David  Middleton,  W7ZC/W5CA, 

Chairman 
Past  Director— West  Gulf  Division 

Director- WCARS 

Member— Utah  Ham  Boosters 

Using  Candles 

One  of  the  many  cheap  but  useful  ac- 
cessories in  the  workshop  is  an  ordinary 
wax  candle*  Besides  being  handy  to  have 
around  when  the  lights  go  out  after  you 
"Blow  The  Fuse",   a  candle  is   also; 

a  .  .  .  the  recommended  lubricant  to  use 
when  drilling  or  sawing  aluminum. 

b  .  .  .  an  effective  emergency  soldering  flux» 

c .  *  .  good  for  easing  sticking  drawers ^ 
doors  J   etc. 

.  ,  .  R.  B.  Kuehn  W0HKF 
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Glenn  R,  Brown  WHJZI 
689  Drummond  Court 
Columbus,   Ohio  43214 


Practical  6  Meter 
Ground  Plane  Construction 


Many  fine  articles  have  been  written 
about  the  ground  plane  antenna.  These  ar- 
ticles go  into  great  detail  about  polarization, 
angles  of  radiation^  methods  of  matching, 
etc,  etc* 

This  article  is  intended  to  show  how  to 
construct  a  ground  plane  antenna  for  six 
meters.  The  method  of  construction  can  be 
dupHcated  with  very  httle  expense^  and  a 
minimum  of  tools.  You  don't  have  to  be 
part  owner  in  a  machine  shop,  foundry,  or 
plumbing  supply  house  to  get  through  this 
project. 

Popularity  of  the  ground  plane  antenna 
is  due  to  several  characteristics.  Since  the 
ground  plane  receives  ( and  radiates )  equally 
in  all  directions,  the  ground  plane  is  ideal 
for  local  nets.   With   the  increasing   avail a- 


Fig,  L  Construction  details. 


bility  of  good  surplus  FM  equipment,  the 
ground  plane  should  become  even  more 
popular. 

Since  the  ground  plane  is  vertically  polar- 
ized, good  reliable  communications  can  be 
maintained  between  mobile  and  fixed  sta- 
tions. 

Even  the  most  Serious  6  meter  amateur 
should  supplement  the  beam  antenna  with 
a  ground  plane  to  assure  all-around  good 
coverage  under  all  conditions. 

Construction.  The  elements  used  here  were 
%"  diameter  soHd  aluminum  tapered  shafts, 
cut  down  from  a  Citizens  Band  Antenna, 
(This  commercial  ground  plane  antenna  had 
failed  at  the  center  where  elements  were 
joined!)  Similar  Citizens  Band  ground  plane 
antennas  abound  in  all  parts  of  the  country^ 
and  it  should  not  be  too  difficult  to  find  a 
damaged  or  used  antenna  available  at  reason- 
able cost. 

The  elements  can,  of  course,  be  aluminum 
tubing.  TV  antennas  should  not  be  over- 
looked as  a  possible  source  of  suitable  ele- 
ments. 

Referring  to  Fig.  1,  the  heart  of  this 
ground  plane  is  a  steel  box.  The  box  used 
here  was  a  Bud  CU-883-HG  Metal  Utility 
Cabinet.  (About  $1.30  Net).  This  box  comes 
with  2  removable  covers,  and  necessary 
screws  to  attach  the  covers. 

The  elements  are  cut  to  the  proper  length 
for  the  frequency  desired  as  described  in 
the  various  Handbooks. 

Holes  are  drilled  in  the  2"  sides  of  the 
box  for  the  four  horizontal  elements.  Note, 
in  Fig.  1,  that  two  elements  are  set  high,  and 
two  are  set  low,  so  that  adjacent  elements 
will  not  interfere  with  each  other  when  in- 
serted into  the  box. 

Measure  and  drill  all  holes  carefuUv  so 
that  all  elements  will  parallel  the  top  of  the 
box  when  assembled.  Select  a  drill  size  that 
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^ 


Fig.  2.  The  completed  grouud  plane. 

will  give  a  snug  fit  when  elements  are  in- 
serted. 

Once  the  horizontal  elements  are  in  place^ 
they  are  secured  by  drilling  a  small  hole 
through  the  box  and  through  the  element.  A 
small  bolt  is  then  fastened  through  each 
element  to  a  nut  and  lock  washer. 

The  vertical  element  is  insulated  from  the 
box   by   two    octal   sockets,    located   in   the 


center  of  the  top  and  bottom  box  covers. 
All  pins  in  the  bakelite  sockets  are  carefully 
removed.  The  center  hole  in  each  socket  can 
be  filed  out  slightly  to  provide  a  snug  fit  for 
the  vertical  element.  A  small  hole  is  drilled 
in  the  vertical  element  just  above  and  be- 
low the  point  at  which  the  element  protrudes 
from  the  assembled  box.  Small  screws  are  in- 
serted into  these  holes.  The  bottom  hole  pro- 
vides a  point  for  connecting  the  inner  con- 
ductor of  the  coax  feed  line- 

The  ground  connection  (outer  shield  )  is 
connected  to  a  lug  secured  to  one  screw 
of  the  bottom  octal  socket  base. 

After  all  parts  have  been  assembled  and 
checked  J  the  top  cover  and  vertical  element 
are  temporarily  removed.  Holes  are  then  lo- 
cated and  drilled  for  the  U-bolt  clamp.  A 
convenient  length  of  mast  is  then  placed 
through  the  U-bolt  and  the  U-bolt  is  se- 
cured, 

The  antenna  can  be  re-assembled  and  the 
coax  attached  as  shown  in  Fig-  2. 

Many  schemes  of  weather- proofing  this 
assembly  are  available.  One  unusual  and 
very  easy  method  is  to  apply  under  coating 
material  from  an  aerosol  can.  This  material 
is  available  at  very  reasonable  cost  in  spray 
cans  from  most  auto  supply  houses. 

The  resulting  antenna  should  provide  com- 
munications with  a  minimum  of  up-keep  for 
several  vears  to  come. 

.  _  W8JZI 


AKTl  WtS 


RhDtOS 


tKi 


cis 


05 


© 


"O 


CLUB  SECRETARIES   KOTE 

Club  members  woyfd  do  welt  to  qef  their  cfub 
secretaries  to  drop  a  line  to  73  and  ask  for  the  special 
club    subscription    scheme    that    we    have    evolved.    This 

Clan  not  only  saves  each  club  member  money,  it  aJso 
rings  badly  needed  loot  into  the  cFub  treasury,  if  de- 
sired. Write:  Club  Finagle,  73  Magazine,  Peter  Boro 
Ugh,    New   Ham   Shire   034B8, 


Hi  Amps 

12/24  Volts-Ac— 750  V,A. 

from    [20/240—60  cycle.  - .„.„„„- .$10.00 

Shippinq  Weight,  I7# 

3000  mfd.     135  VDC ....$2-95 

30  mfd.     600  VDC  „.^...... 50 

2  mfd.  2000  VDC  „,. !-29 

2  mfd,  3000  VDC 1.95 

ARROW  SALES-CHICAGO,  INC. 

2534  S.  MICHIGAN  AVENUE 
CHICAGO,  ILLINOIS  60«U 


OCTOBER  1968 


103 


Darn-Handy  VHF  Monitor 


Introductiof! 

The  need  for  a  good  quality  AM  monitor 
for  VHF  became  apparent  to  myself  when 
delving  into  high  power  2  meter  linear 
adjustments.  Using  a  TX-62  to  drive  two 
PL'177WA*s  in  Class  B  AM  linear  required 
a  device  which  could  be  installed  in  the 
output  line  of  the  linear  so  that  bias  and 
screen  voltages  could  be  properly  set-  Mini- 
mum distortion  of  the  modulated  driver  was 
the  goal.  And^  Hke  any  transmitter  monitor 
at  close  range:  "  *You  can't  believe  that 
what  you  hear  is  an  accurate  sample/  my 
friends  said"  of  the  actual  signal  at  a  dis- 
tance! Well,  this  is  not  always  true.  Careful 
experimentation  yielded  an  improved  circuit 
which  is  presented  here.  Incidently,  most 
oscilloscopes  are  ineflFective  for  use  on  VHF, 
unless  you  go  directly  to  the  vertical  plates: 
and  who  wants  to  botch-up  a  commercial 


Equipment  Description  &  Schematic 

The  completed  VHF  monitor  is  enclosed 
in  a  3  X  4  X  5  inch  Bud  Minibox.  At  the 
rear  are  the  two  SO-239  IN /OUT  chassis 
connectors.  Either  one  can  be  used  for  input 
or  output  to  coaxial  line.  Next,  to  the  left, 
is  an  audio  jack  of  the  kind  that  mates  with 
PL'55  type  mike  plug;  but  in  this  case,  is 
used  for  listening  with  HI-Z  headphones. 
To  the  right  is  an  SFDT  slide  switch;  giv- 


Rulph  W.  Campbell  WiKAE 
316  Mariemont  Drive 
Lexington^  Ky.  40505 

ing  the  reader  a  choice  of  "Power/'  or 
"Monitor"  switch  positions.  With  a  flat  line, 
relative  power  measurements  can  be  made; 
and  if  you  follow  the  instructions  given  later 
on:  an  **engineered-guess"  can  be  made  as 
to  the  actual  power  present. 

The  EMICO'""  meter  is  moimted  by  a  rec- 
tangular retaining  speednut  in  the  front 
wall.  To  the  upper  right  is  the  2.7  mH  RFC 
and  the  1N4149  diodes  are  wired  in  near 
this.  Observe  that  the  560  ohm/ 2  w.  resis- 
tors are  wired  to  the  SO-231  jumper  with 
both  resistors  in  series— first— and  then  over 
to  the  rf  coupling  capacitor  (IpF),  They 
must  be  connected  this  way,  otherwise 
enough  energy  could  be  coupled  in  to  de- 
stroy the  diodes. 

Fig.  1  is  the  schematic.  The  half- wave 
doubler/ detector  is  straight-forward.  It  is 
interesting  to  note  that  the  coupling  value 
of  IpF  works  best  on  the  "monitor"  position 
of  the  unit  (listening)  for  2  meters,  with 
100  pF  as  the  output  to  the  audio  filter. 
The  same  ratio  of  1  to  100  holds  for  the 
'linearizing  resistor"  as  compared  to  the 
output  dc  load  of  220k,  The  2.7  ^H  RFC 
are  chosen  to  have  an  impedance  maximum 
just  above  2  meters  (149 MHz)  &  39pF  dis- 
coidal  capacitors  are  series-resonant  near 
the  two  meter  band  with  usual  lead-length. 
The  0.001  bypass  is  a  ceramic  disk,  chosen 
for  a  low  value  of  reactance   as  compared 
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Fig.  1.  Schematic  for  the  Monitor. 
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to  the  internal  meter  resistance.  The  re^- 
maining  components  coniprise  the  audio  fil- 
tering and  coupling. 

Using  The  VHF  Monitor 

Any  power  level  up  to  a  kilowatt  dc  in- 
put, on  two  meters,  will  drive  the  voltmeter 
to  some  position  on  the  scale.  432  would  be 
an  upper  nominal  frequency  limit  with  this 
unit;  however,  the  "relative  power"  meter 
would  have  Httle  meaning,  but  it  would  be 
useful  for  tuning-up.  If  you  wish  to  modify 
the  design  for  432,  use  Z-460  chokes  and 
13  pF  discoid al  ceramics.  The  other  capaci- 
tors should  be  left  as  is.  Of  course,  even 
with  a  flat-line  you  can  expect  considerably 
higher  meter  readings  on  this  band. 

On  2  meters,  an  Ameco  TX-62  will  give  a 
reading  on  the  meter  of  about  7,5  volts;  for 
an  ABj  rf  linear  we  registerd  15  volts. 
For  the  big  half-kilowatt  Class  B  linear,  we 
observed  30  volts!  A  nominal  15  volt  reading 
is  equivalent  to  75  watts  into  the  monitor 
in  the  "power"  position;  but  remember,  yoii 
must  have  a  flat-line  or  this  doesn  t  mean 
anything.  And  tliese  indications  were  made 
from  notes  in  our  set-up  using  a  Bird'^^ 
Model  34  Directional  Wattmeter,  in  series 
with  the  VHF  monitor. 

Just  above  we  said  that  "any  transmitter" 
could  be  used*  Don't  expect  a  TWO'er  to 
do  more  than  jar  the  meter;  You  will  get 
enough  audio  tlixough  the  detector  to  listen 
to  the  signal,  though.  The  main  use  for  the 
'Darn-Handy'  is  to  set  up  75  watt  trans- 
mitters &  the  big  amplifiers  we  use  at 
W4KAE,  When  adjusting  a  stage,  plug  in 
the  headphones,  after  peaking  the  output: 
and  listen  for  maximum  backgrmmd  audio 
pickup.  Bias  and  screen  voltage  controls  are 
to  be  varied  for  this  purpose.  Make  sure 
the  shde  switch  is  in  proper  position.  Back- 
ground pickup  is  like  an  increase  in  gain; 
without  changing  the  audio  level!  Preset 
audio  before  this  step;  and  you  will  find  bias 
adjustments  related  to  detected  audio.  Once 
you  hear  the  increase  in  gain,  NOW  advance 
the  audio  gain  until  the  signal  is  raspy  or 
tinny.  Set  the  audio  gain  back  about  %  and 
you're  linear.  If  you  can't  get  enough  power 
output  .  •  *  with  linearity  ,  .  .  try  increasing 
the  amplifier  screen  voltage,  and  repeat  the 
process.  ,  •  ,  W4KAE 
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Simplified  Decibel  Leveling 


Late  some  night  you're  listening  to  the 
quiet  ones.  Then  you  tune  into  a  real  whop* 
per  and  wake  up  the  family-  An  awful  feel- 
ings isn*t  it?  Other  awful  feelings  come  up 
when  you  over-modulate  and  get  poor  re- 
ports, or  one  of  those  friendly  QSL's  from 
the  FCC,  A  lesser  annoyance  which  we 
could  do  without,  is  the  variations  in  round- 
table  signal  strength  as  nearer  or  more  dis- 
tant stations  come  in.  Can  we  do  something 
about  these  irksome  unpleasantries? 
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Fig.  L  AVC  system  adjusts  system  gain  for  a 
roughly  fixed  output  voltage^  independeni  of 
changes    of   input   amplitude. 


Auiomatic  volume  control  key  ideas 

What  is  it  we  really  want  to  do?  See  Fig, 
!•  We  want  a  variety  of  signal  strengths  to 
come  out  all  practically  the  same  size.  Typi- 
cally j  the  circuits  that  perfoiTn  this  magic  do 
not  respond  to  average  levels.  They  respond 
to  peaks,  and  hold  the  peak  signal  strength 
to  a  certain  level  The  rest  of  the  signal 
follows  along. 

But  how  about  very  weak  signals?  Our 
leveling  circuitry  reduces  circuit  gain  to  pare 
down  the  big  signals,  but  when  does  it  start? 
The  simpler  control  circuits  start  with  the 
very  smallest  signal  that  comes  through  the 
circuitry*  We  avoid  this  sensitivity  loss  by 
adding  an  extra  circuit,  which  refuses  to 
generate  any  controlling  action  until  the  sig- 
nal amplitude  exceeds  a  specific,  often  ad- 
justable value.  This  is  "delayed"  control,  but 
with  a  voltage  delay  rather  than  some  time- 
dependent  effect.  See  Fig.  2, 

This  problem  of  loudness  control  has  re- 
ceived much  engineering  attention.  Search- 
ing through  the  maze  of  technical  literature 


we  find  a  lengthy  list  of  automatic  level  con- 
trol methods,  along  with  a  confusing  set  of 
names. 

An  AGC  system  controls  the  gain  of  ampli- 
fier circuit,  following  some  predetermined 
schedule  according  to  changes  in  the  input 
signal  amplitude.  If  we  have  an  avc  system 
it  maintains  a  constant  output  by  adjusting 
the  gain  as  required,  and  this  is  a  very  dif- 
ferent thing.  Most  '*agc"  sv^stems  might  better 
be  called  avc  svs terns.  Finally,  we  come 
across  the  ale  system,  which  holds  trans* 
mitted  carrier  amplitude  or  sideband  power 
to  a  constant  average  value. 

For  effective  use  of  a  volume  or  level 
control  system,  we  need  to  know  something 
about  normal  speech  characteristics.  Ampli- 
tudes vary  widel\%  from  the  shouting  man's 
output  of  five  or  six  milliwatts  through  the 
normal  conversational  range  of  about  40 
microwatts  to  those  soft  dulcet  tones  of  per- 
haps 10  microwatts. 

Also,  we  must  know  something  about 
speech  frequencies.  Those  frequencies  carry- 
ing maximum  energy  are  between  300  and 
600  Hz,  and  if  we  wipe  out  all  frequencies 
outside  the  range  of  250  to  2500  Hz  or  so 
we   lose   nothing   of   intelligibility.    And,   in 
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DELAYED  AVC  /  CONTROL 
BREAK  POINT  / 
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ADJUSTABLE  ^^ 


DELAYED  AVC 

TO  STAGES 
ONE  OR  TWO 

DELAYED  AVC  TO 
SEVERAL  STAGES 

SIMPLE  AVC 
CONTROL 


Fig.  2.  There  are  several  kinds  of  avc  systems.  The 
delayed  avc  system  is  preferable^  since  it  does  not 
reduce  small-signal  sensitivity  of  the  system.  Ap- 
plying  the  avc  control  signal  to  several  stages  im- 
proves   the   control  action. 
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transmitter  applications  this  frequency  par- 
ing saves  valuable  spectrum  space. 

Receiver  control  circufts 

Receiving  level  control  circuits  feed  back 
a  gain  controlling  signal  to  the  rf  and  if 
stages  before  the  detector.  The  manufacturer 
chooses  the  circuits  to  use,  and  their  appli- 
cation^  and  it  often  appears  Jie  could  have 
done  a  more  complete  job  of  it.  But  he  likes 
to  sell  simpler  designs  to  stay  within  price 
boundaries.  Receiving  level  control  systems 
can  often  be  improved  upon,  for  better  gen- 
eral action  or  to  optimize  the  receiver's  per* 
form  an  ce  for  a  particular  type  of  reception. 
The  requirements  for  best  reception  of  CW 
or  sideband  are  quite  different  from  those 
for  AM, 
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Fig*  3.  Series  and  parallel  avc  connections.  There 
is  no  electrical  difference  between  these  circuits, 
but  one  or  the  other  may  be  used  for  mechanical 
design  convenience* 

We  find  it  a  bit  of  history  in  Fig,  3B,  first 
used  in  the  late  1920's.  It  prf)%ed  to  be  as 
good  as  Armstrong's  superheterodyne,  an4 
still  does  a  good  job  today.  You  may  find  to 
your  surprise  that  you  are  using  two  circuits 
invented  by  Armstrong  in  WWl  in  your 
bright  and  shiny  new  receiver.  HerCj  we 
automatically  vary  the  total  receiver  gain 
according  to  received  carrier  strength.  In  this 
circuit  we  usually  employ  variable  mu  tubes, 
with  the  fed  back  dc  control  signal  adjusting 
their  effective  gain. 

Fig.  3A  shows  another  version  of  the  same 
circuit,  offering  a  httle  leeway  in  physical 
construction.  Both  versions  operate  in  the 
tSame  way,  w^hich  we  see  by  looking  at  CI. 

Rectified  rf  produces  a  varying  dc  voltage 
across  CI.  Going  through  Rl  and  R2,  past 
CI  and  C2,  we  come  to  the  avc  control  volt- 
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Fig^  4.  A  reverse-biased  rfiorfe,  separate  from  the 
audio  detector  system,  does  not  rectify  any  input 
signal  until  the  signal  amplitude  exceeds  the 
positive  bias  applied  to  D2*s  cathode,  AVC  con- 
trol  appears   only   for  large   signals^ 


age  terminal,  which  carries  practically  pure 
dc  after  the  passage  of  the  rectifier  signal 
through  the  two  low-pass  re  filters.  And  tak- 
ing the  other  route  we  come  to  the  bleeder 
capacitor  R3,  which  completes  the  dc  path 
for  Dl,  to  blocking  capacitor  C4,  and  finally 
a  gain  control  for  adjusting  the  audio  output. 

This  arrangement  develops  a  gain-reducing 
control  voltage  as  soon  as  there  is  any  signal 
at  all,  and  if  it  is  preceded  by  a  high-gain 
if  circuit  it  may  generate  AVC  on  noise 
alone.  We  can  avoid  this  conflict  of  interests 
by  adding  another  diode  to  take  off  the  avc 
voltage,  as  in  Fig,  4.  Since  diode  D2  is  re- 
verse biased,  it  develops  no  avc  voltage  until 
the  signal  strength  exceeds  the  previously 
adjusted  bias  voltage.  This  is  **delayed"  avc. 

In  all  receiver  avc  circuits,  the  near-dc 
control  voltage  is  fed  back  to  several  earHer 
stages  in  the  receiver.  Generally,  the  more 
stages  it  controls,  the  better,  although  there 
may  be  little  or  no  control  voltage  applied 
to  the  if  stage  feeding  the  detector  because 
the  signal  there  is  a  large  percentage  of  the 
bias  voltages.  The  usual  avc  control  tech- 
niques work  best  on  stages  handling  a  smaU 
signal  voltage,  up  to  maybe  10%  maximum 
of  the  applied  bias  voltage.  See  Fig-  5. 
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Fig.  5.  AVC  control  voltage  usually  is  not  applied 
to  large-signal  if  or  audio  stages  because  the  out- 
put would  be  distorted  under  small-signal  condu 
tions.  The  signal  is  only  small  at  the  input  end  of 
the  amplifier. 
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Fig.  6.  Parallel  and  series  type  limiters.  The  paral- 
lel limiter  uses  ike  semiconductor  diode  property 
of  requiring  a  rather  large  input  voltage  before  it 
conducts  at  alL  The  series  limiter  is  permanently 
biased^  with  one  diode  going  out  of  conduction 
is  signal  current  exceeds  bias  current. 


AVC  system  design  for  transistors  differs 
in  one  significant  respect  from  that  for  vac- 
uum tubes.  A  zero-biased  vacuum  tube  is 
very  much  alive,  but  a  zero-biased  transistor 
is  dead  since  its  base-emitter  diode  is  not 
energized*  So  all  transistor  avc  circuits  must 
be  provided  with  sources  of  base  current  to 
energize  the  transistors  when  there  is  no 
signal,  and  the  increasing  signal  opposes  the 
fixed  bias  to  reduce  base  current  and  transis- 
tor circuit  gain.  In  both  tube  and  transistor 
cases  excellent  bypassing  is  required,  since 
the  avc  lead  is  common  to  serveral  high-gain 
stages. 

One  familiar  circuit  seems  to  act  like  an 
avc  circuit,  but  it  does  not  have  the  filter 
networks  and  the  feedback  application  of  a 
true  avc  circuit.  This  is  the  simple  limiter, 
which  merely  clips  off  any  signal  amplitude 
above  a  certain  value.  It  is  a  sort  of  an  elec- 
trical low  bridge.  See  Fig,  6 A  and  B. 

The  shunt  limiter  is  a  slightly  reverse- 
biased  diode,  and  when  the  signal  level  ex- 
ceeds a  certain  value,   the  diode  goes  into 


conduction.  It  appears  as  a  heavy  load  across 
the  circuit  until  the  signal  returns  to  more 
familiar  levels.  And  a  complementary  cir- 
cuit, the  series  limiter,  becomes  a  large  series 
resistance  when  presented  with  too-large  sig- 
nals. 

Transmit+er  control  circujis 

When  we  begin  to  think  about  getting  the 
most  effective  use  from  a  transmitter,  we 
come  to  the  remarkable  variation  in  loud- 
ness of  various  speech  tones.  Most  of  us 
speak  at  varying  amplitudes  and  ranges  from 
the  mike,  closer  at  one  time  and  perhaps 
quite  distant  if  we  reach  for  something  while 
talking-  It  turns  out  we  can  achieve  a  sub- 
stantial improvement  in  effectiveness  if  we 
apply  some  or  all  three  of  the  following 
electrical  treatments  to  the  incoming  speech. 
They  are,  limiting  the  frequency  range,  clip- 
ping off  large  peaks,  and  applying  an  avc 
t>*pe  system  to  bring  up  the  low -power  parts 
of  speech. 

There  is  no  simpler  way  to  limit  our  trans- 
mitted speech  frequency  range  than  to 
choose  a  microphone  that  responds  only  to 
the  important  range  from  250  to  2500  Hz. 
But  the  best  limited-response  microphones 
are  as  expensive  as  good  hi-fi  mikes.  For 
example,  one  200-4000  Hz  communications 
mike  (the  Shure  488T)  is  priced  at  $34.  An- 
other approach  is  indicated. 

Comparable  results  can  be  obtained  from 
less  expensive  mikes,  using  simple  audio  fil- 
ters to  attenuate  signals  outside  the  impor- 
tant frequency  ranges^  as  in  Fig,  7-  There 
are  lots  of  these  in  the  handbooks,  falling 
into  two  general  varieties*  RC  filters,  and  fil- 
ters that  contain  inductive  as  well  as  capaci- 
tive  components™  The  more  complex  circuits 
yield  a  faster  rolloff  for  a  certain  number  of 
components,  but  the  re  circuits  mil  do  as 
well  if  there  are  a  few  more  sections. 

Once  we  have  hmited  circuit  response  to 
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Fig.  7.  Simple  re  low-pass  filter.  Second  secthn 
has  same  time  constant  as  the  firsts  but  larger  re- 
sistance and  smaller  capacitance  reduced  reaction 
on  the  first  section. 
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Fig,  9.  Speech  tvave forms  are  unsymeirieal,  so  a 

one-sided  clipper  can  pare  off  peaks.  Adjustable 
bias  to  control  peak  amplitude,  with  audio  by- 
passed through  a  small  electrolytic  capacitor. 

the  most  eflBcient  frequencies  we  are  con- 
cerned with  level  control  The  simplest  level 
control  arrangement  is  simply  to  clip  off 
peaks,  and  not  get  too  close  to  the  mike.  See 
Fig.  8.  This  can  be  very  effective  if  we  use 
it  properly,  and  follow  the  clipping  circuits 
with  a  bandpass  filter  to  remove  the  high 
frequencies  associated  with  sharp  corners 
generated  by  the  clipping  circuit. 

Inside  the  transmitter  we  use  metliods 
closely  resembh'ng  the  receiver  automatic 
volume  control  methods  described  in  the 
last  section.  The  goals  are  the  same,  and  so 
are  the  methods. 

The  major  difference  is  that  we  typically 
take  the  control  voltage  from  a  high  power 
level  part  of  the  transmitter,  and  use  a  sharp 
delay  action.  A  small  voltage  divider  as  in 
Fig*  9  can  steal  a  bit  of  rf,  which  is  rectified 
by  the  back -biased  rectifier  for  delay,  and 
fed  back  to  a  small'Signal  audio  or  low- 
frequency  rf  stage* 

This  system  is  simply  another  version  of 
the  volume  compressors  used  in  AM  trans- 
mitters, except  that  the  retum  control  volt- 
age is  derived  from  the  sideband  output, 
rather  than  from  a  high-level  audio  stage, 

HIGH  LEVEL    RF   LINE 
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ALC  CONTROL 
VOLTAGfe 
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Fig.  9.  Stealing  a  bit  of  rf  voltage  for  automatic 
level  contr&h  Good  bypassing  required  to  avoid 
unwanted  rf  feed-back  to  earlier  stages  of  trans- 
miiter. 

OCTOBER   1968 


HAMSI  !  i  DONT  BOY  USED  TUBES 
—COMPARE  THE  FOLLOWING  PRfCES 


6i6    » .  * . 

6T8  . » « f 
^VB    .., 

0C3     ,-. 

0D3  ... 
0A2  ... 
4-l25^A 
4xl5QA  , 
80  ..... 
250TH    . 


.45 


IQB2 


,75  2X2  . . . 
•72  lOY  ... 
■BO  7025  ,,, 
.60  GAQ5  .. 
•60I68Q7  .* 
.70;6CG7  .. 
2S.0QIUX20OA 


,60  807    . . , 
,50  a  1 46    ,, 
,50  6360    . 
.551I2AU7 
,5SI2D2I 
.dS  6SAG    . 
.54  4I7A     . 
1.50  4 '400  A 


I2.5D'4-250A   ..35.30  4-IOOOA 

iJ5!!0Y     ,. 
25.0013- 1  OIM>Z 


.    r.95  404A  .. 

.  2.50   IAX2  .* 

,    3.00  25L0  .. 

.52  2E26  .. 

,    ,45  en  A    ,. 

*65 j823£    « . . . 
.  2,25!4*65A     .. 

,37.S0  4PR6GB 
80.00  4CX25DB 


2.25 

.30 

.43 

2.50 

3.75 

12.05 

10.00 

55.00 

2  LOO 

.9S 


1.25 


NO 
Weston 


.50  t025    (asma   as   807- 12V) 
42.00  !4-  tOOOZ— 72.00J  WEa07/ 

350B    . . 
PULLS^NO     REBANDS— ALL    BRAND     NEW 

Dual    Microammetera    0-201)    ...hS3.98;    Miittin    Fans 

U5    AC   llmvd,    from    New    Equip 54.90:    lUnvurd    Fans 

IIH)  rfm  liriV  AC  RmvrL   from  New  Kriulp $2.90:  25  ft. 

:i^li   Wire   Bhld.    liC   Cable   ^14    |l.35:   12   V   DPST   150 

Oliin    Belay    73c;    12V   Solenoid    40    Ohm    300MA,- ,.88fl; 

Jiual    Crystal    Sockets     ...lOc:    Ohmlte    Rheostat    25    Ohm 

lA    ..,*49c:  All  Sizes  Alien  Bradley   Vol,   Cantrols    75c- 

500   Ohm   Vol.    Control  wj.    SW.    ^,   2  Meg.    35e;  500   K 

VoL   Comrol  W/0  SW   ,,..25e;  Silicon  Repl.  for  024.   5174, 

rtY3.  5ABI,   5Z4    98c;  Kit  of  Tested  Germanium  Uiodes, 

IX34A,     etc,      ..    .ILOO;    S    Top    Hit     450     Piv\     500    MA 
$1.00::   S   Sfl.    Epos.    Diodes    100-750   Vlv.   I   Amp.    .*,. 

(20W>    Transi3lOT«    ....$1.0©:    \VK    70iA- 
$5.05;  5  Transistor  Circuit  Boards   eoli- 
th  Trans  is  tc^m.    0lug    Dlodi^^^    Heslstor,    Capaci- 
B9c. 


$L0O;    4    Power 

lOOOW  Tetrotlo 
isiing,    up    to 
rar«f   etc.    . . . 


Sale  on  Bnind  New  CK  &  H  &  H  Toggle  Swltcliea— 
Never  Used — Rniv^d.   from  New  Equipment: 

Sr*ST    e    Amp.     ..$J.SO  Dl.        SPDT  0  Amp |l.60  Dz. 

ni\ST    6    Amp.    .,    1.69  Dz.       DPDT  n  Amp.   1.85  Dz. 

DFDT  15  Amp.  ,.  2.95  Dl.  SFST  Slide  SW.  S  for  SI.OO 
»II  Copdcn^era:  600  W.V.D.C.  1000  ^IJC  3  MFD  VDC— 
Bpeclal  •.$2.00  5  AlFD  ..40b;  2  MFD,  ,4Se:  S  MFO,  .51.95; 
.05-2500T.,$I,00:  4  MFI>..65e;  5  MFD.. 75c:  10  MFD,, 
$2.35:  :^X2  MFD  40OOV.  .fl.OO:  7  MFD..80«;  S  MFD,.8oc; 
ir,  MFD.. $3.00;  1  MFD  60(1  V..42e;   10  AIFD.  .OSc 

t;..lV  Fil.   TmnaL  PRI   115V  Sec.    6.3V  1.5A    39«;  Audio 

Output  Trans.  ««»,$L00;  12  Asst.  Dual  Controli. .  .<$L0O; 
12  HpkT,  Cords  W/Plu*t  .,..$1.00;  100  Asst.  AB-iaC  ^-l- 
2W  Res,    ....$1.00;   50    Asat.    Mica   CcMld.    ....fl.OO   15  Con- 

A&st.    Paper    Tub,    Cond $!.00;    12 

Kit     SI  .00 :     20     Asst.     Wlro    Wound 

..$l.00r   Universal    Tape    Recordg.    :*a  v    r 

$3. €-5;    Dual    Spt'ed    Becordif. 

...$3.50:  Fil  Tuner  Can  Be  Hooked  Lp 

^Tube    &    Dill    $2.67:    L'HF    TV    ConTert- 

All  TjTWfi  Hi  Volt.  Xmlttg.   CoikL  :   Wrltfi  Fbr 


Lrolfl    $1.00;    50 

AfiBt.    E]ec.     Con<3, 

fj-25W   Brsistors    .. 

ILD,     1500     RPM 

'jnnO   &  3000   HPM 

:*uper-lFet    W. 

er  ....$3.95; 

I.«fttest  Prices, 

<*iiiiadiatis   Must   Remit   In   U.S.    Fundi,   Ko.    C.O.D.    Orders. 

The    Abore   Is   Only   A   Bample   of   Over   5.000   Bifida  ins   Wf 

Have.    Min.    Order    $5.00    Not    Inrludlng    Postage     ^ Extra). 

Send   Card    for    Bar&atn   Tube  ami   runs    Catalog.   Wtilfi   for 

Quutes  on  Brand  New  RCA.  QB  EIMAC  Tubes. 

UNfTED  RADIO     COMPANY 

56    FERRY    ST..    NEWARK,    N.    J.    07105 

ESTAB.    1920 


73  BINDERS 

Are  your  magazines  falling  down  all  the  time? 
Our  bright  red  binders  will  hold  them  on  the 
bookshelf.  Stamped  in  gold.  Specify  year.  Only 
$3   each,   but  going   up   before   long.   Order, 

73   PETERBOROUGH   NH   03458 


Bread  boarding  AVC  circuits 

AVC  circuits  are  easy  to  breadboard,  and 
they  can  be  tested  using  normal  audio  or  rf 
generators.  The  rf  has  to  be  controlled  care- 
fully so  that  it  does  not  find  unwanted  routes 
past  the  attenuator  into  the  circuit,  giving 
false  results.  Alternatively,  a  breadboarded 
avc  circuit  can  be  tested  in  two  steps. 

After  breaking  the  avc  feedback  line,  the 
circuit  response  is  observ^ed  for  various  sig- 
nal strengths,  measuring  the  avc  voltage. 
And  then,  with  a  fixed  input  signal,  the  cir- 
cuit gain  is  checked  against  variations  in  avc 
voltage,  which  can  be  fed  into  die  broken 
avc  line  from  a  simple  battery  and  pot  ar- 
rangement, *  •  .  W2DUD 
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Donald  L.  Schliesser  WA6VFW 
3160  Fairmede  Drive 
Richmond,    California    94806 


KEYING  LINE 
Frg.  1.  See  texL 

With  the  interest  in  2  meter  FM  Repeaters 
these  days,  and  with  many  of  the  hams 
being  active  on  2  meter  AM,  there  have 
been  many  conversions  for  FNfing  2  meter 
rigs* 

Recently  I  acquired  an  Ameco  VFO-621 
to  add  to  my  2  meter  AM  rig.  Being  a  mem- 
ber of  two  FM  Repeater  groups,  I  immedi- 
ately started  researching  to  find  a  suitable 
way  to  FM  the  vfo.  All  of  the  circuits  I 
found  were  too  complex.  By  this,  I  mean 
they  involved  a  lot  of  time  and  expense. 
Being  lazy  and  wanting  to  use  my  junk  box, 
the  circuit  in  Fig,  1  evolved.  This  circuit  is 
not  new— Gonset  uses  a  similar  circuit  in 
their  VFO-  The  difference  comes  in  that  they 
use  a  Varicap  (voltage  variable  capacitor) 
costing  about  $4.00,  and  not  in  the  average 
ham's  junkbox!  The  same  effect  can  be  had 
with  any  gei*manium  diode— it  just  takes  more 
of  them. 

I  wanted  to  achieve  plus  or  minus  15 
kHz  deviation  and  the  values  shown  will 
give  that  much  deviation  with  die  Ameco 
VFO-62L 

This  circuit  can  be  adapted  to  any  VFO, 
either  commercial Iv  made  or  home-brew  bv 
changing  the  value  of  CI  and  varying  the 
number  of  diodes. 
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VFO 


A  good  place  to  start  is  with  2  diodes  and 
about  5  pF  for  CL  If  that  does  not  give 
enough  deviation,  increase  CI  to  about  10- 
20  pF  and  add  another  diode.  By  varying 
CI  and  the  number  of  diodes  you  can  come 
up  with  any  amount  of  deviation  you  want. 

The  input  to  the  circuit  should  be  a  high 
impedance  ceramic,  crystal,  or  dynamic  mike. 
I  use  a  Collins  MM-1  dynamic  but  a  cheap 
crystal  or  ceramic  high  output  mike  will 
work  fine. 

The  capacitors  across  the  mike  input  and 
the  keying  line  are  to  keep  rf  off  the  leads 
to  prevent  the  VFO  signal  from  leaking  out 
except  when  the  spot  switch  on  the  rig  is 
turned  on*  In  the  VFO-621,  the  oscillator 
runs  all  the  time  and  the  buffer  stage  is 
keyed. 

TO  CI 


TRANSISTOR 
TYPE  VFO 


Fig.  3,    . 

In  my  VFO,  CI  goes  directly  to  the  col- 
lector of  Ql,  the  oscillator.  In  the  other  VFO, 
the  circuit  should  go  in  parallel,  that  is, 
across,  the  frequency  determining  circuit.  In 
a  tube  type  VFO,  usually  the  grid  of  the 
tube  will  be  in  place.  See  Fig.  2. 

If  your  VFO  quits  with  the  addition  of 
this  circuit,  try  a  smaller  capacitor  at  CI. 
Make  CI  as  big  as  you  need  to  get  the  devia- 
tion you  want  and  if  the  VFO  oscillator 
quits  before  you  get  CI  large  enough,  use 
more  diodes  to  make  CI  just  small  enough 
so  the  VFO  still  takes  off  OK, 
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I  mounted  a  mike  jack  right  on  the  VFO 
chassis  near  the  oscillator.  When  on  FM,  I 
plug  the  niike  into  the  VFO;  for  AM  the 
mike  goes  Into  the  normal  mike  jack  on  the 
2  meter  rig. 

After  installing  the  circuit  and  finding  the 
proper  combination  of  CI  and  the  number  of 
diodes  to  get  the  deviation  you  want,  you 
must  recahbrate  the  VFO  using  standard  pro- 
cedures. 

The  comments  from   listeners  on   the   air 

has  been  that  the  quaHty  is  excellent  and  has 

iff  »  pjj  1 

a    hi'h     sound, 

.  ,  ,  WA6UFW 

FCC  Announcement 

This  is  to  advise  that  the  pre\rious  an- 
nouncement concerning  the  exchange  of  third 
party  communications  with  amateur  stations 
in  West  Berlin  has  been  rescinded.  It  has 
been  determined  that  the  regulations  of  the 
Federal  Republic  in  Germany,  which  in 
eflFect  prohibit  third  party  communications, 
also  apply  to  amateur  stations  in  West 
Berlin  including  stations  operated  by  United 
States    Forces    personnel. 
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OSCILLATOR 
TRANSISTOR  TONE 

Do  not  confuse  this  well- 
made  TT^ili+ary  ynit  with  low 
price  commercial  "ice  cube 
packs."  This  unit  operates 
from  1.5  to  6.0  volts,  and 
has  transformer  isolated 
output.  Frequency  is  1000 
Hz,  may  be  varied  with  ex- 
ternal pot.  New  package,  and  complete  with 
spare  set  of  transistors- 
Applications:  Continuity,  component,  and  semi- 
conductor tester,  code  practice  oscillator,  keying 
monitor^  alarms,  RTTY  SHIFT  Oscillators,  etc. 
Price  $2.00  Postage  Paid.  TTC  $2.00  P.P. 

TELETYPE    SPECIAL   —   GOVT    SURPLUS 

lot  New  packaged  spare  parts  for  models  14, 
15  and  19  teletypes.  Over  40  different  ifems  in- 
clude cams,  bails,  reels,  covers,  springs,  type,  key 
caps,  etc.  Government  cost  over  $900.00,  The 
first  part  used  will  cover  the  cost  of  the  kit,  and 
you  will  have  the  added  advantage  of  being  back 
in  operation  immediately.  This  is  one  of  our  most 
popular  items.  Price:  $5-90  plus  postage  [include 
$L00  east  of  Miss.,  $2.00  west). 

B  &  F  EKTERPRISES 

P.O.  BOX  44,  HATHORNE,   MASS.  01937 
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FET  Preamplifiers 


J&hn  /.  Schtiliz,  WlEEYil 
40  Rossie  Street 
Mystic,  Conn.  06355 


Two  extremely  simple,  but  effective  as  ivell 
as  inexpensive^  FET  rf  amplifier  circuits 
are  presented  which  can  be  used  to  boost 
the  performance  of  an  existing  receiver  or 
trcmsceiver. 


Field  effect  transistors  are  semiconductor 
devices  that  have  properties  similar  to  a 
triode  vacuum  tube— high  input  impedancs 
and  large  dynamic  range.  These  properties 
make  tlieni  especialK'  suitable  for  use  as  rf 
amplifiers  or  preamplifiers.  The  FET  in  this 
application  has  also  one  extra  advantage 
over  a  triode  in  that  the  feedback  capaci- 
tance is  lovi^er  than  the  grid*plate  capacitance 
in  a  triode  used  as  a  rf  amplifier  and  so 
operation  on  higher  frequencies  without 
neutralization  is  possible. 

The  hvo  rf  amplifiers  described  in  this 
article  are  built  around  a  newly  developed 
plastic-packaged  economy  FET  from  Motor- 
ola-the  MPF  157,  Although  other  FETs 
can  be  used,  the  MPF157  is  liighly  recom- 
mended since  it  is  available  for  less  than  $1 
and  is  specifically  designed  for  rf  amplifier 
use.  The  MPF157  will  operate  at  frequencies 
up  to  400  megacycles /second,  although  neu- 
tralization will  be  required-  The  low  feed- 
back capacitance  of  less  than  0.2  pF  elim* 
inates  the  need  for  neutralization  for  most 
80-10  meter  circuits.  The  unit  will  provide 
at  least  16  db  gain  and  the  noise  figure 
should  be  4-5  db. 

The  rf  amplifier  circuits  shown  may  be 
used  in  whatever  manner  the  reader  wishes 
—as  a  mast-mounted  preamplifier  for  a  single 
band  to  improve  a  receiving  system,  as  a 
bands  witched  preamplifier  at  the  receiver,  or 
even  as  the  rf  amplifier  stage  in  a  receiver. 

Single  state  amplifier 

Fig,  1  shows  the  schematic  of  the  simple 
single  stage  amphfien  It  will  operate  prop- 
erly with  a  drain  supply  of  12  to  15  volts 
(20  volts  absolute  maximum),  thus  making 
it  useful  in  mobile  situations  also.  The  coil 
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Fig.  1.  Single  stage  FET  preamplifier.  Coil  di- 
mensions are  for  20  meters.  For  untuned  or  broad- 
band  operation,  input  and  output  circuits  are 
peaked  at  opposite  ends  of  the  band, 

dimensions  shown  are  for  operation  on  20 
meters  but  with  the  aid  of  of  a  grid -dipper, 
coils  can  be  developed  to  cover  any  desired 
band.  If  the  circuit  is  used  on  frequencies 
higher  than  about  30  MHz,  a  neutralizing 
circuit  between  the  drain  and  gate  terminals 
of  the  FET  will  be  necessary.  The  series 
capacitor  is  usually  made  fairly  large 
(.001  mF  on  6  or  2  meters)  and  Uie  coil 
made  broadly  self-resonant.  Althougli  the 
dimensions  of  the  neutralizing  coil  are  almost 
impossible  to  specify  exactly  because  of  the 
dependence  upon  individual  circuit  layout, 
a  good  starting  point  is  to  make  it  with 
about  6  times  as  many  turns  as  the  coil  in 
the  drain  output  circuit.  If  avc  or  manual 
gain  control  of  the  stage  is  desired,  the 
grounded  end  of  the  2.2  K  ohm  gate  re- 
sistor is  lifted  and  connected  to  a  negative 
control  voltage. 

Cascode  amplifier 

Fig,  2  shows  the  schematic  of  a  two-stage 
FET  amplifier.  It  uses  direct  coupling  and 
is  a  modification  of  the  so-called  Wallman 
configuration.  The  vacuum  tube  equivalent 
is  the  direct-coupled  driven  grounded  grid 
circuit  and  the  FET  circuit  has  most  of  the 
same  characteristics.  The  amplifier  is  quite 
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Fig.  2.  Cascode  amplifier  cirvuiL  Input  and  out- 
put circuit  values  are  the  same  as  Fig.  1  for  20 
meters. 

stable  because  of  the  low  drain  load  on  the 
first  stage,  Neutrahzation  is  often  not  re- 
quired although  at  VHP  frequencies  the 
noise  figure  of  the  overall  amplifier  may  be 
improved  by  neutralization.  The  voltage 
gain  of  the  first  FET  is  negligible  and  the 
main  gain  is  provided  by  the  second  FET. 
On  the  other  hand,  the  noise  figure  of  the 
overall  amplifier  is  determined  almost  en^ 
tirelv  bv  that  of  the  first  FFT.  Thus,  if  it 
is  possible  in  any  way  to  evaluate  the  noise 
figure  of  individual  FETs,  the  best  one 
should  be  used  as  the  input  stage.  Another 
approach  is  to  use  sockets  for  the  FETs 
rather  than  hard- wire  them  and  switch  the 
FETs  to  determine  which  way  they  per- 
form best 

Construction  and  Adjustment 

The  construction  used  somewhat  depends 
upon  the  application  for  which  the  ampli- 
fier is  intended.  For  instance,  for  use  as  a 
single-band  preamplifier,  the  variable  capac- 
tors  shown  in  the  diagrams  can  be  replaced 
by  fixed  values  once  the  proper  values  have 
been  determined  with  variable  capacitors. 
Final  peaking  can  be  done  by  pinching  the 
coils.  The  coils  themselves  can  be  wound  on 
any  convenient  form— 1  watt  1  megohm  re- 
sistors,  for  instance.  The  photograph  shows 
the  cascode  circuit  assembled  on  a  piece  of 
vectorboard  using  fixed  value  capacitors 
(silver  mica  types  should  be  used  except 
for  bypassing  where  disc  types  can  be  used) . 
No  particular  circuit  layout  is  required  ex- 
cept that  the  input  and  output  coils  should 
be  as  far  apart  as  possible  and  oriented  at 
right  angles  to  each  other*  On  VHF  a  shield, 
in  addition,  may  be  required  between  the 
coils.  The  entire  assemblv  should  he  en- 
closed  in  a  shielded  container  when  used  as 
a  separate  preamplifier  outside  of  a  piece 
of  equipment. 

One  note   of   caution   is   necessary   when 
handling  the  FETs,  They  come  with  their 
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SPECIAL 

FACSIMILE  WESTERN  UNION  TABLE  MODEL 
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bifiotTon  llOV  AC  operation  can  be  used  over  the 
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leads  shorted  together  because  static  charges 
may  damage  them  because  of  their  extremely 
high  input  impedance*  Handle  them  by  their 
case  and  leave  the  leads  shorted  until  the 
FET  is  placed  or  soldered  in  a  circuit* 

Summary 

The   MPFi57  allows  the  construction   of 

■I 

a  relatively  inexpensive  but  high  perform- 
ance amplifier.  It's  low  current  requirement 
(5  to  6  mA)  for  either  circuit  allows  it  to 
be  operated  from  a  battery  source  for  ex- 
tended periods  of  time  or  allows  power  to 
be  furnished  for  operation  from  the  internal 
power  source  in  anv  receiver  or  transceiver. 
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A  Report  on  the  WTW 


I  have  been  asked  by  quite  a  few  fellows 
where  should  they  send  their  cards  to  be 
checked  for  the  WTW,  This  time  I  will  make 
a  complete  list  of  all  check  points  we  now 
have.  If  your  area  is  not  covered  you  should 
send  your  cards  to  me  at: 

Gus  M  Browning,  W4BPD, 
Route  1,  Box  161 -A, 
Cordova,  S.C. 

along  with  the  $1.00  to  cover  costs  of  the 
certificates  J  handUng,  etc,  PLUS  enough 
EXTRA  to  pay  for  the  return  of  your  cards 
—otherwise  I  will  return  them  to  you  via 
THE  CHEAPEST  WAY  I  CAN-and  don^t 
blame  me  if  they  go  astray!  We  are  sdll 
looking  for  check  points— so  if  you  are  a 
member  of  a  well  established  club  or  so- 
ciety—how about  discussing  the  handling  of 
our  cards  by  them,  provided  they  are  in 
some  area  which  doesn't  now  have  a  check 
point. 

The  following  stations  have  qualified  for 
these  ^VTW  awards  since  last  issue: 

WB2RLKAVTW-100,  14  MHz  phone 
W2VBJ.WTW-100,  21  MHz  phone 
KoHYB-WTW^lOO,  21  MHz  phone 

Still  QRX  for  anyone  who  qualifies:  Certifi- 
cate Nr.  1-WT\V-100,  28  MHz  CW.  Certifi- 
cate Nr.  1-WFTW-lOO,  7  MHz  phone,  and 
both  CW  and  phone  Nr.  1  for  80  meters. 
Some  good  low  numbers  are  still  available 
in  most  other  certificates.  And  I  am  glad  to 
report  I  am  now  checking  ALL  CARDS 
SENT  ME  within  7  days,  and  I  am  sure  all 
check  points  are  doing  the  same—  I  suggest 
sending  cards  via  Certified  mail,  it's  much 
cheaper  than  Registered  and  I  think  just  as 
safe*  Of  course  with  a  return  receipt  re- 
quested for  proof  of  delivery. 

I  would  like  to  call  to  eveiyones  attention 
that  a  PHONE  QSO  is  a  phone  QSO  as 
far  as  we  are  concerned— It  can  be  either 
SSB,  AM,  NFBM  or  any  other  way  vou  can 
have  a  VOICE  CONTACT.  We  only  go  by 
whats  shown  on  the  cards  you  submit  to 
us.  If  you  can  get  a  CW  station  to  listen 
for  your  phone  signals  and  his  card  savs  ur 
SSB  or  AM  or  NBFM  is  Q^3.  S-2  witii  no 
mention  of  CW  on  the  card— thals  OK  as 
far  as  I  am  concerned.  The  same  goes  with 


CW.  We  have  no  way  of  knowing  if  it  was 
TWO-way  phone  or  not,  we  can  only  go  by 
whats  on  the  card  you  send  us.  We  don't  en- 
courage this  practise  of  course— sometimes 
this  is  doing  it  the  hard  way. 

Beginning  with  this  issue  we  will  list 
STANDINGS  in  our  Honor  Roll  Send  us 
vour  CLAIMED  SCORE-BUT  when  you 
hit  tlie  next  WTW  level  AVE  WANT  TO 
SEE  THE  CARDS,  Would  like  to  have  your 
score  as  soon  as  possible  so  the  standings 
will  be  of  more  interest  to  everyone. 
WTW  HONOR  ROLL   (claimed  scores) 

#1-W4NJF  -261-14  MHz  phone 
#2-"XE2YP  -209-14  MHz  phone 
#3-WB2WOU-204-14  MHz  phone 
#4_WB2NYM -204-14  MHz  phone 
#3-WA5LOB  ^202-14  MHz  phone 
Others  with  much  lower  scores,  will  QRX  for 
a  late  score  from  them  for  next  month. 

#1-W40PM     -220-21  MHz  phone 
#2-WA8WRP -106-21  MHz  phone 

#1-W5DAJ      ^lQ3--28  MHz  phone 

The  complete  list  of  ALL  WTW  CHECK 
POINTS: 

Wl/Kl-KONE  (send  cards  to  me) 

W2/K2-NONE  (send  cards  to  me) 

W3/3— Western  Pennsylvania  DX  Society, 
John  F.Wo]tkiewiez-W3CJY 
1400  Chaplin  St., 
Conway,  Penna*  15027 

W4/K4-The  Virginia  Century  Club, 
P.O.  Box  5565s 
Virginia  Beach,  Va.  23455 

W5/K5— Garland  Amateur  Radio  Club, 
2905  Sheridan  Drive, 
Garland,  Texas  75040 

W6/K6^0range  County  DX  Club, 
James  N.  Chavarria 
3311   Stearns  Drive, 
Orange,  Calif.  92666 

W7/K7--Westem  Washington  DX  Club, 
William  H,  Bennitt,  W7PHO 
18549  Normandy, 
Seattle  66,  Wash.  98166 
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W8/K8— Straits  Area  Amateur  Radio  Club, 
William  Mnss-WA8AXF, 
307  Grove  St. 
Petoskey,  Mich.  49770 

W9/K9— The   Montgomery   County   Ama- 
teur Radio  Club, 
Scott  Mi!lick-K9PPX 
Litchfield,  III  62056 

W0/K0-NONE  (send  cards  to  me) 
ALL    CANADIAN    DISTRICTS    SEND 
CARDS  TO: 
The  Edmonton  DX  Club, 
(VE6GX)  12907-I36th.  Ave, 
Edmonton,   Alverta,   Canada 

OCEANIA-ALL  EXCEPT  HAWAII  (Ha- 
waii to  W6/K6  check  point) 

The  New  Zealand  ASsSociation  of  Radio 
Transmitters  ( NZART ) 

Jock  W^iite  (ZL2GX)  Contest  &  Awards 
Manager 

152  Lvtton   Road, 

Gisbonie,  New  Zealand 

ALL     SOUTH     AMERICA-Venezuela 

Amateur   Radio   Club, 
RO.    Box    2285-ATTENTION    OF: 

YV5CHO  DX  Committee 
Caracus,  Venezuela,  South  America 

ATTENTION   ANY   CLUBS   ON    Southern 
part  of  South  America,  we  need  a  check 
point  for  this  part  of  South  America. 
EUROPE:  NONE   (send  cards  to  me) 
AFRICA:  NONE  (send  cards  to  me) 
ASIA:  NONE  (send  cards  to  me) 
AGAIN  I  REPEAT:   We  are  in  need  of 
other  clubs  for  WTW  check  points.  Especially 
in  Asia,  Africa  and  Europe  as  well  as  the 
few  we  still  don't  have  covered  in  the  USA, 
How  about   a  club  in   Mexico  too? 

Thats  it  for  this  month,  thanks  fellows— 
LETS  HAVE  YOUR  CLAIMED  SCORES, 

etc* 

W4BP0 
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Send  postcard  for  LifBtafure 


ANTENNAS  •  TOWERS  •  ROTORS 
NEW  •  USED  •  SURPLUS 
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Tell  Our  Advertisers 
You  Saw  It  In  73 


►  LEARN  CODE 

^^       fhe  fight  way  -  w/fh 

^   Code  Sound  language! 


re  W3CVE 

"The  specialired  language  of  sound"  brings  you  a  complete  study 
of  the  International  Morse  Code.  Satisfied  users  say— "Complete 
in  every  detail"— "Easy  to  leam!"— "CSl  is  the  bestl"— Increase 


CSL  NR  1  &  NH  2  (1  tape)  for  the  prospective  Novice,  Technician, 
General  or  Amateur  Extra  First*  3  to  25  wpm. 
CSL  NR  3  &  KR  4  {1  tape)  for  the  advanced  operator  with  a  sin- 
cere desire  to  copy  code  sounds  at  rapid  speeds.  How  to  copy 
behind,  etc,  25  to  55  wpm.  Both  tapes,  plenty  of  copy— plain  ana 
scrambled,  numerals  and  punctuation. 

Magnetic  tape,  1"*  reel,  dual  track,  2  hours*  Immediate  delivery. 
Send  check  or  jnoney  order.  (Specify  which  tapej  56.35  eaciL 

Both  tapes  on  one  qrder^  only  $13.50. 


YOUR  receiving  speed,  master  the  code  now!    iK  ic  i^  i^  iK  Siund  History  RecorHini,  Dept  73,  Bqx  16015,  Wishinfton,  D.  C,  20023 
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SUBSCRIPTION 

PREMIUMS! 


$3  THREE  mf  ROTATING 
PARTS  BIN 

Free  with  2  subs  or  $3  with 
1  sub.  Great  around  the 
shack  or  workshop,  11  com- 
partments ill  each  shelf. 


$13  RAND-NCNALLY  IMPERIAL 
WORLD  ATLAS 

Free  with  3  subs  or  $6  with  1 
8ub^  300  pages  of  maps  and 
info.  Fine  for  DXing,  school, 
argu77ients. 


20,000  0/V  V-O-M, 
5000  VDC 

Free  with  3  subs  or  $7  with 
1  stib.  Keep  one  in  the  car, 
one  in  the  workshop  and  one 
in  the  shack,  FLus  Tnaybe  a 
loaner? 


HAMMOND  WORLD  GLOBF 
18"  DIAMETER 

Costs  $17,  Free  with  5  subs 
or  1 12  with  1  snb.  Wonder- 
ful globe  for  DXing  as  long 
as  you  don*t  tts^e  am/  pins. 


$25  MINI-TEST  UB 

Fiee  with  7  subs  or 
$15  ivith  2  subs, 
VOM^  rf-af  genera- 
tors r  &  c  substitiu 
fion,  etc.  Incredibly 
handy, 

$12  WARM  CAR  BLANKET 

Free  with  2  subs  or  $4  with  1 
sub.  Handy  around  house,  foot- 
ball, etc.  Comes  with  zipper  ease 
&  handle. 


K  &  E  SLIDE  RULE 

Free  with  2  subs  or  $2  with  1  sub. 
You  need  a  good  slide  rule  every 
710  w  and  then. 


You  can  do  frood  and  do  well  at  the  same  time*  Do 
good  by  seUinif  or  giving  gift  subscriptions  to  ^3  to 
friends.  Do  well  by  getting  rather  nice  premiunis  for 
your  effort  or  thoughtfulness.  Some  amateurs  are 
working  their  way  right  through  our  whole  list.  All 
ftuba,  other  than  one  for  yourself,  must  be  new  and 
will  start  with  the  November  issue.  You  can  renew 
yours  if  you  send  your  address  label  from  the  wrap-^ 
per  and  It  will  count  towards  the  prizes.  To  make 
some  of  the  bigger  items  easier  to  get  you  have  a 
choice   of   substituting   cash   for  some    subscriptions. 


Polaroid  Big  Swinger 

Free  with  10  suhs  or 
§20  unth  2  subs.  Uses 
regular  pack  Polaroid 
ftlntf  gives  big  size  pic- 
tures^ Foolproof? 


AM-FM  15  TRANSISTOR  RADIO 

Free  with  8  subs  or  $18  with  2 
subs.  This  radio  sells  for  $30 
normally,  AC  or  battery. 


^gf^m^^^m'mrrr^'^*'^*^  g 


$35  HI-INTENSITY 

LAMP-RADIO  AND 

CLOCK! 

Free  with  8  mi 6s 
or  $18  with  2  subs. 
Clock  operates  ra- 
dio ^  ete.  Fine  for 
desk. 


24  HOUR  DIGITAL 
DESK  CLOCK 

Free  with  7  subs 
or  $15  with  2  subs. 
Large  iiumbers^ 
prize-winning  cZe- 
sign.  Makes  ham 
shack  look  like 
%7nilUo7i.  Sells  for 
$25. 

AM-FM  1 0  TRANSISTOR 
AC-BATTERY  RADIO 

F7*ee  with  8  subs  or  $18 
with  2  subs.  Works  like 
crazy.  Fabulous  gift 
too^  Be  loved. 


HAMMOND  18"  LIGHTED 
$25  WORLD  GLOBE 

j     Free  with  6  subs  or  $12  with 
/      2  subs.  Get  two^  one  for  jr 
op.  No  piyis. 


NAME  &  CALL  PUTE 

Free  with  1  sub.  Up 
to  20  letters  and 
spaces  on  10"  desk 
plate.  Walnut  with 
white  letters. 
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AMFM  TEIECHRONE  CLOCK  RADIO 

Free  with  12  subs  or  $30  tvitk  2  subs.  This  ideally 
beautiful  clock-radio  usually  sells  for  $65,  Has 
buzzer,  radio  almyrij  slumber  button^  and  delayed 
snooze    turn   off.    Give    yourself   one    .    .    .    or    the 


$50  CASSETTE  TAPE  RECORDER 


Free  with  12  subs  or  $30  with  2  stibs.  We  tested  a  dozen  recorders 
before  we  found  this  darb.   Really  works.   Record   birds ^   rare   DX, 

family  squabbles^  jokes,  singing.  Sneekily  smalL 


COPYMATE  PHOTO  COPIER  MACHINE 

Free  with  10  subs  or  $24  with  2  subs.  This  does 
every  bit  as  good  a  copy  job  as  a  well  known 
$400  copier  and  uses  same  inexpensive  paper, 
Cofnes  with  paper  all  set  to  go. 


.tr-.i^K. 


DIGITAL  CLOCK  AMFM  RADIO 

Free  with  9  subs  or  $20  with  2  subs.  This  is  the  only 
digital  clock  j-adio  tve^ve  ever  seen^  Fine  FM  radio  built 
in  with  sleep  alarm^  buzzer^  whole  schmear.  Like  the 
UTtitsual  and  new? 


OPERATING  DESK 

Free  with  9  subs  or  $23 
with  2  siibs.  $35  desk  just 
iHght  size  for  7nodern 
transceiver  ham  station. 
Shipped  FOB  factory  in 
Michigan* 


RAND-MCNAUY  MAGELLAN 
WORLD  GLOBE 

$15  globe  free  with  3  subs  or  $8 
with  1  sub.  You  can't  beat  a 
deal  like  that. 


CASLON  60 1  DIGITAL  DATE-DAY  CLOCK 

This  $50  Ferrari  of  desk  clocks  is  free  with  12  subs  or  $32 

with  3  subs.  Brushed  aluminum^  The  last  word  m  operating 
aids.  24  hour  clocks  riaturally. 


l1 


iniHr'"fn„ 


ii;iS>*^iiUf  "!  !fF 
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$160  ENCYaOPEDIA  SET 

Free  with  only  20  subs  or  $52  with  8  subs.  This  is  a  first  rate  ency 
clopedia.  This  one  is  FOB  the  publisher.  Tap  your  fellow  club  inem- 
bers  for  73  subs  and  win  this  mass  of  books. 


Send  each  gift  subscription  on  a  separate  3x5  card  with  name,  call,  address  and  zip. 
All  must  be  new  one  year  $6  subscriptions  to  sfart  with  the  November  issue.  You  want 
to  lenew  your  own  subscription?  OK,  if  you  include  the  label  from  your  wrapper.  On 
a7iother  card  write  your  name  and  addess  a?td  indicate  which  prize  you  wish.  Allow  up  to 
eight  weeks  for  delivery  in  case  we  are  back  ordered  from  the  factory.  Py^izes  will  be  sent 
postpaid  unless  otherwise  stated.  This  offer  is  good  for  the  USA  and  APO  only  and  ex-- 
pires  December  31,  1968, 

73  MAGAZrNE,  PETERBOROUGH  NH  03458 
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NflCKEL-CADMlUM  BATTERIES 


I2v  DC 
jdQ  amp-hr 


r.2v  DC 
5  tifnu-hfi 


GtTLTON   ^10  VO.  ll^f- 
melleatly      lealed      metal 

+  %"  for  solder  lermi- 
nats,  BUAXD  NEW.  ,, 
Ciciir  plastic  ras*.  2%" 
w  %  ^4"  d  X  a%''  h  + 
4*  for  lerminals.  With 
vent  screws,  A'ery  e^tcel. 
used.    22/ CASE    ^5.00. 


4/$t7.0O      $4.50  ea. 


4/19.50       $2-50  ea. 


EUTiCTIC  tipwvsf  meffing  point)  SOLDER 

SQLOEE  m/U  allay,  by  ALPHA, 

Hoiln    core:    .050    dla.    3 

oz.  spool   ,.,_,,,.,,,,.,       5/ $2*75  60f  tt. 


Ufi-2r/U' 

UCISC    U 
UG-27B/y 

UG^ao/u 

tlG.20l/IJ 


4/$  1. 50 


B9c  ta. 


4m  M         39«  ea. 


5/$4,50 


95e  ea. 


4/$3.75      $1.00  ea. 


N  type  (50  ohin,  cohstai^t  impedance)   CO-AX 

CONNECTORS 

Clussli  ref^ptack.  4/ 
12.50,  G9c  ea:  UG-21/U* 
CAblt  malt  for  BQ8  ..«. 
Cable    male    for    HG5/tJ, 

^^0  35,      59e     ea:     UC* 

..     U  double  male    .... 

Kc.     ajiiile     adapter.     4/ 

$2.50,    fiOc    ea;    UQ-IO?/ 

U«    -J**   adamer   .. 

Tbri)  panel  doublf  female, 
4/|3.r5.  11.00  ea;  rt. 
angle  chati ts  reL^eptacle  . , 
Adupter,  fli  rG-5S/U, 
tikes  rO-1^8/lT  BXC  male 
•WWH  eurplui,    may   be  dUeoIored. 

AH  orders,  except  In  emerfiency,  or  I'm  at  a  hamfesl. 
shipped  fame  day  recetvod.  For  frt*  "GOODIE"  sheet  send 
icir'tddrefsed.  stamped  enTeiope — ^ri^EASE,  PLEASE  indude 
sumflem  for  postage,  any  eieesB  rutumed  with  onier.  1  carry 
private  (TraveitTs*  parcel  posL  insurance,  for  domestic  parcel 
p&t.  For  Items  too  heavy,  or  too  large  for  parcel  post, 
I  suegest  bus  parcel  express.  Please  sdrlfo  name  of  bus 
line,  and  eiiy,  where  you  can  pick  up  the  shlpmenL, 
Canadian  ciistoroers— FLEAiSE  add  suffidcni  for  poatftge — 
11.00    flr»t    iwg    pouiidi,     30c    idditlonal    pomid    or    fraction. 

B  C  Electrenies 

Telephone  t\2  CAIymef  S-2235 
2333  S.   Michigon  Avenue         Chicogn,   Illinois  60frT& 


4  $2.50 


50«  ea. 
t9c  ea* 


USED  MODEL  5D1  TV  CAMERAS 


\^Zj\ra®3iJ/aaL'i) 


MAPE 
IN  U.S.A. 


$160,00  FOi  Hollis 


Each  month  we  have  a  limited  number  of 
used  TV  cameras  which  we  make  available  to 
hams  at  greatly  reduced  prices.  These  cameras 
were  rented  out  for  temporary  surveillance 
jobs  on  construction  sites,  county  fairs,  con- 
ventions, etc.  All  have  been  checked  out  and 
are  guaranteed  for  90  days.  Complete  with 
vidicon  and  lens. 


Used  Model  501   sale  priced 
SUO.OO  FOB  Hollis 

Don't  delay.  Only  a  few  used  cameras  are 
a%'ailable  each  month.  For  specifications  send 
for  our  illustrated  catalog. 


VANGUARD       LABS 

Dept.   H,   196-23   Jamaica   Ave,,    Hollis,   N.Y,   11423 


W2NSD/1  from  page  2 

phone  office  and  routed  from  there.  If  the 
phone  on  the  other  end  is  busy  the  office 
there  would  hold  the  recording  until  the 
phone  was  available  and  then  send  in  the 
message. 

Future  Magazines 

Several  technological  developments  are 
closing  in  on  the  old  fashioned  magazine. 
The  one  that  looks  like  a  comer  to  me  is 
color  television  with  video  tape*  If  you  leave 
a  tape  on  an  individual  frame  you  can  read 
that  frame  just  like  a  page  in  a  magazine. 
A  magazine  the  size  of  73  would  take  very 
little  tape.  Perhaps  we  will  be  able  to  have 
a  small  tape  cassette   for  each   magazine. 

Subscribing  and  biUing  would  all  be  done 
in  an  instant.  It  doesn't  look  like  it  will  be 
many  years  before  all  our  banking  will  be 
instantaneous,  eKminating  tlie  need  even 
for  small  change.  You  will  probably  be  doing 
almost  all  of  your  shopping  via  color  tele- 
vision ,  .  •  mail  order  ,  .  ,  just  punch  the 
button  on  your  set  w^hen  you  flip  to  the 
ad  you  like  and  it  will  be  delivered  that 
same  day.  Why  go  to  the  supermarket  when 
you  can  flip  through  their  catalog  on  TV 
and  have  whatever  you  want  delivered  al- 
most immediately? 

It  is  unfortunate  that  our  television  stand- 
ards were  frozen  as  eaily  in  time  as  they 
were^  back  when  the  picture  was  relatively 
crude  compared  to  those  possible  today  if 
our  standards  could  be  changed.  Some  of 
the  European  television  has  considerably 
better  definition  than  ours  because  they 
standardized  a  few  years  later*  Perhaps 
when  we  make  the  change  to  satellite 
broadcasting  direct  to  homes  we  can  use  a 
new  set  of  standards. 

The  magazine  via  television  could  come  in 
a  few  pages  every  day  rather  than  waiting 
for  one  big  lump  a  month.  I  suspect  that 
the  costs  of  "publishing"  and  distribution 
may  be  enough  lower  so  you  wiH  be  able 
to  have  a  lot  more  material  and  advertising 
costs  will  be  but  a  fraction  of  those  todav* 
The  costs  may  go  back  up  if  magazines 
integrate  moving  sequences  wdth  the  single 
frame  readout.  The  Life  magazine  of  the 
future  may  be  more  of  a  half  hour  pro- 
gram that  you  can  subscribe  to  •  .  pay  TV 
t  ,  .  rather  than  a  magazine.  Like  the  old 
March  of  Time. 

A  magazine  today  has  to  pay  the  authors 
for  the  articles  ,  .  .  and  pay  well  and  rap- 
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SCR-SILICON-CONTHOL     RECTIFIERS! 

PRV 
50 

100 
200 
300 


I6A 

25  A 

PRV 

J6A 

25A 

*50 

.75 

400 

LOO 

LOO 

,95 

1.20 

GOO 

LOS 

2.75 

US 

L30 

800 

2.85 

3,60 

L40   1 

L05 

1000 

3.70 

4*50 

5U4  Silicon  Tube     ,.$l.50(^,    5  for  $5 

5R4   Silicon    Tube    %4(&,    3  for  $9 

eB6A    Silicon   Tube    ».$I0(^,   2  for  $IS 


III 


MICA  MTG  KIT  T036.  T03p  TOlO,  4/jr 
ANODIZED  T036  iNStlLATOR  ..,.5/$l 
ZEHERS  I  Watt  6  to  2D0V  ..80@,  3/$2 
ZENERS  id  Watt  0  to  150V  $fca,  8/$5 
STABiSTOR    up    to   Ten    Watt,    20  far  f  I 

Warned  Test  Sets   (TS)   &  E^uip. 

*  TRAfJSISTORS  *  SCR'S  *  ZENERSU! 
Full  Leads  Factory  Tested  &  GTD! 
PNPI50  Watt/ 1 5  Amp  HiPwr  T036  Case  I 
2N44r,  442,  277,  273,  DS50I  Up  To 
50/VCBO  .,..,,.  *.,;,,.,$i®,  7  for  $5 
2N273.  448,  r74.  Up  to  30V  $2@,  4  for  $5 
PNPI50   W/2NI9aO,    J 970  & 

2N2075,    2079 .,.$2(^,    3/$5 

PNP  30  Watt/3A.   2Nn5,    156,  235,  242 
254*   255,  256,   257,  301   40c@    ..,.3  for  SI 

PNP    2N670/3O0MW   35€{3)     5  for  $  I 

PUP   2N67I/J    Watt  50«®    4  for  $i 

PUP   25W/TO    2N538.   539.   540    ,,2for$r 

2N1038    6/$U    2NJ039 4  for  $1 

PNP/T05  Signal  350MW  25c@,  5  for  $| 
NPW/T05  Signal  IF,  R  F,  08C  5  for  $1 
Finned  Heat  Sink  180  SQ^  $l@,  3/$2 
Finned  Sink  Efjtiiv.  500  SQ"'.  $3ijffi.  2/$5 
SILTCON  PNP/T05  &.  T0I8  PCKG 
2N327A,  332  to  8,  474  to  9,  541  tO  3, 
935  tfl  7   &    1276  to  9,   35e@    4/$  I 


That's  A  Buy" 

"TAB"    *  SJLJCON    ONE   AMP    DIODES 

Factory  Tested  &  Guaranteed 


Piv/Rms 

50/35 

.05 

Piv/Rms 

100/70 

,07 

Piv/Rms 

200/140 

.10 

Piv/Rms 

300/210 
.12 

400/280 
.14 

600/420 
.2E 

800/560 
,30 

'  900/630 
,40 

1000/700 
.50 

n 00/770 
.70 

1700/1200; 
1.20 

2400/ 168 
2.00 

*^//  Tests  AC  8c  DC  Sc  Fwd  &  Load  I 


1700  Plv/1200  Rms 
2400  Piv/1680  Rms 


!jS)  750  Ma*  10  for  $10 
@  750  Ma.     6for  $11 


866    C.TV2*5V/I0A     FILAMENT 
XPMR    ro    Ky    Insltd    $2@ 3/$5 


Bandswitch   Ceramic  5Q0W  2P/6Pos,   %2^ 

5Hy-400Ma    Choke    $4(55>     .,,2/$S 

250Mfil  @  450  Wv  LectlytJe    $3@,    S/$IO 


Send  25e  for   New   Catalog 


Sriicon 

Power    1 

diodes,    Studs    & 

P,F.    ** 

D.  C* 

SOPiv 

iOOPiv 

200Piv 

300PJV 

Amps 

35Rms 

70Rm8 

HORms 

2IORms 

12 

.25 

.50 

.75 

.90 

**    18 

.20 

*ao 

J5 

LOO 

45 

.80 

L20 

1.40 

L90 

160 

1.35 

2.00 

3.50 

4,60 

240 

3:75 
400Pi¥ 

4,75 

7.75 

10,45 

D.  C, 

eoopiv 

700Piv 

OOOPiv 

Amps 

2BQRms 

420  Rms 

490  Rms 

630Rma 

12 

L20 

i,50 

L75 

2.50 

**  i8 

L50 

Query 

Query 

Query 

45 

2,25 

2.70 

3.15 

4.00 

160 

5.75 

7.50 

Query 

Query 

240    1 

14.40 

1 9.30 

23.40 

Query 

We  Buy,  Sell  &  Trade  As  Weill 


"TAB" 


TERMS:  Monty  Back 
Guarant«e!  Our  24th 
Year.  $5  Min.  Order 
F.O.B.    N.    Y.    C*   Add 

Sfiipping    Charges. 

56  DX  PEARL  ST.,    BKLYN.    II20i    N.Y. 
PHONE    212-522-7300 

Send  25c  For  Catalog 


DC  3'/2^  Meter/RD/aoOMa  $3@,  2/S5 
Socket   Ceramic    866    Tube ...5/fl 

Soeket    Ceramic   4XI50/Loktal    4/$l 

W,E.  Polar  Relays 255A  S4@,  _.a/HO 
Toroids  eaMhy  New  Pckg  75e@p    .*,.4/$2 

200   KC    Freq   Std   Xtats    4/$2 

2  Sido/cu  Printed  Ckt  Bd  Now  9x12*  $1 
Finished  Pieio  Xtajs  Blanks  ,.,.,.50/1 1 
Lino   Filter  4.5A@II5VAC   ,...   6  for  %l 

Lino   Filter  5A@I25VAC    3  tor  %\ 

Choke  4Hy/0.5A/27fi  $3@  ....,,. 4/$! 0 
H*5ld  Stevens  Precision  Choppers  ,.,  $1 
PL25gA  Sl  S0239  CO-AX   M&F  Pairs  3/$2 

Phone   Patch    Xfmrs   Asstd    4   for   $1 

FT243  Xtal  8l  Holder,  surplus  ..  5  for  $1 
Insltd    Binding    Posts   '*EBY"    ,.,.    25/$ I 

Sun-Cells  Selenium   Asstd    ., lO/$l 

Band    Pass    Filters    60.   90*    150  cys.    .3/|3 

2.aMH    PJwound    500MA    Choke    3/11 

Beam    Indicator    Selsyns    24VAC    _..2/$5 

Fuse    250MA/3AG     .50/$L    a00/$2 

Oil      Cndsr      Strobe,      Photoflash      25  MFD 

20O0V    G.E./Pyranol,    $7@    ,2/$  10 

Resistor    Bleeder    50K/I0OW    ....3   tor  $J 

Send  25 r  for  Catalog 

Diseaps  ,OOI@IOOOWVOC  IOe(^  ,.20/Sl 
D leaps.  2x  .004@IOOOWVDC  I5c@p  |0/$1 
DIscaps  ,03@I000WVDC  I5c@  ,...IO/$i 
Discaps  ,01  @20OOWVDC  i8o@  _,.6/$l 
Discaps  .001  @5KVWDC  20c@  ....6/$l 
Discaps  .005O5KVWVDC  25c@  ...S/SI 
DIseaps    l30mmG/6KV    20c    ,.,.,... 6/$l 

,02@50WVDC ....25    for    $i 

6   Of    12 VAC   Mlnifan   &   Blade    .......$ I 

X-Formers   All    ll^V-60Cy   FrJmary — 

2500V@ICMa   &    Fil    $2@    4/$5 

I100VCT@  300Ma,  6v@  8A,  5V  @  3A  fit 
r25V  Bias,  abt  1200  VDC  $4@  ...3/$  12 
430  Vct(^  40 Ma  &  6.3 1^    L5A  CSD   $r.50 

iO  Vct@    5A    &   7,5   Vet   @   5A    $5 

6.3   Vet   I5-5A   &   6.3  Vet   @)   2A    $4 

7.5    Vct{^     I2A    $3@    2/$5 


idly.  Then,  in  our  field,  we  have  to  have 
the  schematics  drafted  by  professional  drafts- 
men. Type  has  to  be  set,  engraving  plates 
have  to  be  made  of  the  drav^ings  and  the 
photographs.  Everything  has  to  be  read 
carefully  for  mistakes.  The  articles  are  then 
put  together  on  the  pages  and  made  ready 
for  printing.  More  proofs  ,  ,  .  more  proof- 
reading. When  everything  is  all  set  one  copy 
of  each  page  is  printed  and  an  offset  nega- 
tive is  made  of  the  page.  The  negatives  are 
pasted  together  in  32  page  groups  and  a 
large   printing  plate   is    made   of  that. 

Meanwliile,  off  in  Canada,  a  swatch  of 
trees  has  been  felled  and  crushed  into  pa- 
per, coated  for  a  nice  looking  page^  and 
shipped  to  the  printer.  We  use  up  to  40- 
000  pounds  of  paper  for  an  issue  .  .  .  that 
is  about  20  tons!  This  whizzes  through  the 
press  in  a  couple  of  days.  The  pages  are 
then  folded,  collated,  glued  together  and 
trimmed.  Subscriber  copies  are  wrapped  and 
the  addi^ess  label  from  our  computer  in  Mas- 
sachusetts stuck  on.  Bulk  copies  for  radio 
Darts  stores  and  newsstand  distributors  are 
bundled  and  shipped  by  truck  or  mail  around 
the  country* 

Every  one  of  the  hundreds  of  people  in- 


volved in  this  whole  operation  have  to  be 
paid.  Plus  our  bookkeeper^  advertising  de- 
partment, and  other  staff.  A  lot  of  money 
could  be  saved  if  we  could  eliminate  the 
printing. 

The  day  is  approaching  when  type  will 
mostly  be  set  by  an  advanced  type  of  type- 
writer. The  IBM  chaps  arrived  here  the  oth- 
er day  with  just  such  a  machine  hoping  to 
sell  it  to  me,  I  am  not  ready  to  buy  a 
$4000  typewriter  yet,  even  if  it  does  do  a 
fine  job  of  setting  type.  I  suspect  the  day 
of  the  old  Linotype  machine  are  numbered 
now.  It  can't  be  long  before  most  printers 
change  to  something  like  this  IBM  job.  Just 
a  few  years  ago  offset  printing  couldn^t 
compete  with  letterpress  for  our  type  of 
magazine  ,  .  .  now  we  are  offset  and  it  is 
working  out  quite  well  The  obvious  next 
step  is  in  typesetting. 

Subscription  Premiums 

The  idea  of  giving  prizes  for  selling  sub- 
scriptions to  a  magazine  is  not  new.  Older 
readers  certainly  will  remember  the  glow- 
ing ads  for  free  bicycles  and  things  that 
used  to  appear  in  the  comic  pages^  just 
for  selling  subscriptions  ,  .  ,  or  Christmas 
cards  ...  or  soap. 
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ARC- 1   Transceiver   100^156  Mc,  25  Watts  AM, 

with   tubes,    schematiGt   conversion    info   for 

2-meters.  Used,  good,  50  lbs.  $20,00 

ARC- 1    only,   less  tubes,   $12.00 

BC-221'AK  with  AC  Power,  Calib.  Book  &  Xtal. 

I95.0O 

TS-174,  20-250  Mc-  Freq.  Meter,  on  rack  panel 

with  AC  Power,  Calib,  Book  &  Xtal.  $95.00. 

Brush     BL-202    2-chAnnel     oscillograph, 

Used,  Exc.  $90.00 
Sorensen  3000S  AC   Line  Voltage   Regulator, 

3000  V.A.  Used.  Exc.  $125.00 

Non-Linear-Systems  451  Digital  Voltmeter,  P.U.R. 

Send     lOc    for    flyer    listing    surplus    equipment^ 

test  equipment,  new  and  used  ham  gear. 

JEFF-TRONICS 

4252  Pearl  Rd.  Cleveland,  Ohio  44109 


MOTOROLA  FM   EQUIPMENT 
SCHEMATIC  DIGEST 

91  pages  (il"/;"  x  17")  of  sche- 
matics,  crystal  information,  align- 
ment instructions,  service  Kints 
and  specialized  information.  $3.95 
post  paid. 

TWO-WAY  RADIO  ENGINEERS,  INC. 

1100  TremoRt  Sfreet 
Bosfon,   Mossachusetts  02120 


GO  VHP 


Go  YMF  the  c»y  YIO*  Aiiociites  wiy.  Send  Tqt  dticrlptlte 
Technical  Bulletins  describing  our  complete  line  of  THAN* 
8IST0R  aECElVI>"G  CONYEETERa  iQd  VAKACTOB 
FBEQUENCY    MULTIPLIERS    fof    50,    144,    220,    132    md 

VHF  ASSOCIATES*  INC. 

P.O,    tn    22135,    DENVER,    COLORADO    U222 


For  the  Ham  with 


America's  most  complete  line  of 

Free  Standing  &  Guyed  Crank-up  Towers, 

Write  for  FREE  Catafog. 


1:HISTA0  tower  CO.  P,  a  Box  m,  Hanrord.  California  93230 


V. 


"THE  COMPLETE  HAM  STORE" 
WHERE  YOUR  DOLLAR  BUYS  THE  MOST 


All  leading  lines  of  annateur  gear: 
We  give  best  trade-in  allowance 
for  your  gear  on  new  equipnnent: 
Call  us  for  the  best    ' 


t 


PAY  CASH   FOR  HAM  &  CB  RADIOS 
CALL  OR   VfMTB 

BOB'S  AMAHUR  KECTRONICS 

927  N.W.  lit.  Sf.,  OKLA.  CITY.  OKLA.  731 0& 

Phone  405-CE'5.&387 


The  idea  still  seems  to  work.  We  have 
quite  a  number  of  73  fans  who  are  work- 
ing their  way  through  our  list  of  prizes.  The 
slide  rule,  being  one  of  the  easiest  to  get, 
is  by  far  the  most  popular.  The  parts  bins, 
digital  clocks  and  operating  desks  have  been 
keeping   us   hopping   too. 

We  have  had  a  Httle  trouble  getting 
across  the  concept  that  these  prizes  were 
for  selling  subscriptions  to  73  and  not  for 
buying  them.  There  is  a  basic  difference 
there.  This  month  we  capitulate  and  allow 
the  addition  of  a  renewal  to  accompany 
the  new  subscriptions.  This  means  we  have 
to  offer  a  little  less  for  each  new  subscrip- 
tion. After  aU,  the  money  for  the  prizes 
comes  from  our  savings  on  soliciting  neta 
subscriptions.  We  still  have  to  send  out  re- 
newal notices. 

The  result  of  all  this  has  been  one  of 
the  most  rapid  periods  of  growth  in  the 
historv  of  73.  We Ve  had  to  double  our  staff 
here  to  handle  tilings*  The  early  miseries 
of  our  computer  for  subscriptions  are  past 
and  we  are  now  able  to  handle  a  growth 
Uke  this  without  falling   to   pieces. 

Advertisers  will  have  to  face  another  rise 
in  our  rates.  The  economics  of  publishing 
dictate  that  the  advertising  revenue  must 
pay  for  the  printing  bill.  And  as  the  cir- 
culation increases  so  does  that  bill  The 
post  office  grabs  a  good  percentage  of  the 
subscription  money  and  promises  to  take 
even  more  as  they  decrease  service. 

Wayne 


a 


a 

ThWil  give  you  a  laugh!  Some  wise  guy  is  giving 

me  the  call  letters  UFO" 


IJFO  from  page  4 

UFO  activity  for  your  area  you  will  be  the 
one  that  is  called  when  something  is  doing 
,  •  ,  and  that  is  fun.  Just  the  other  day  I 
got  a  call  from  a  farmer  in  Francistowai, 
Seems  that  he  had  been  haying  down  in 
this  field  and  saw  some  mighty  peculiar 
burnt  spots  that  he  knew  had  not  been  there 
before.  He  asked  around  and  someone  re- 
membered ny  name  and  he  called  me. 

Lin  and  I  drove  right  up  to  take  a  look. 
Sure  enough,  we  found  t\vo  circular  almost 
bare  spots  along  the  edge  of  the  field.  It 
looked  as  if  something  about  three  feet  thick 
and  21'  in  diameter  had  set  dounn  there 
for  a  w-hile.  None  of  us  could  imagine  what 
on  earth  could  have  made  two  identical  marks 
Hke  that  about  50  feet  apart,  plus  several 
smaller  bare  spots  about  ten  feet  in  diam- 
eter. The  farmer  swore  they  hadn't  been 
there  before  this  summer. 

Almost  identical  marks  have  been  found 
in  other  fields  near  here  in  the  past  and  no 
one  has  an  explanation.  It  was  interesting 
to  me  that  just  about  a  half  mile  up  tlie 
hill  from  the  bare  spots  was  a  microwave 
repeating  tower.   Hmmm. 

I  reported  the  whole  matter  to  the  local 
NICAP  investigator  and  Dean  Coles  at 
Franklin  Pierce  College*  Dean  is  going  to 
make  some  radioactivity  tests  on  the  spots. 

Like  I  say,  when  you  get  involved  in  this 
you  can  have  a  lot  of  fun. 


UFO  NET  SCHEDULE 

Wednesdays  0200  GMT  14,300 
Thursdavs  0200  GMT  3950 


*  • 


.  \\2.NSD/1 


SUBSCRIBERS 

We  want  ^q  make  absotufely  sure  that 
no  one  js  using  our  73  mdiling  list.  We  do 
not  rent  this  list  out  as  do  other  m^ga- 
lines.  If  your  address  fa  be!  from  73  is  dis- 
tinctive and  you  find  that  you  are  getting 
any  nnail  addressed  in  the  same  distinctive 
way  please  let  us  know  tmmedrately  and 
send  us  the  envelope  or  wrapper  that  you 
received  so  we  can  take  appropriate  ac- 
tion. Your  help  in  this  will  be  very  much 
appreciated. 


BUCK-TEN  BAGS 


SILICON   DIODES 
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4.40 
£.00 


2N&70   Germ   Audfo.   Gain    over   100  IO/$IJO 

FET's    mostly    CAI0-C6I5    types,    w/spec    sheet  3/[,IO 

200    miniature   glass   diodes,    unchecked  200/1. ID 

2N424   MESA   SO   watt  3/l.tO 

CK'722,   a  real  valwe  6/IJO 

VARACTORS    experimentar    pack    w/sheet  20/LIO 

2N2e75  20    WdH    Planar  4/LIO 

2N697   Hi   frftq  2   watt  TO-5  15/LIO 

2NA%    Hi    froq    2   watt  TO-5  15/LlO 

VARACTOR  40  Watt  slm  to  MA-4060A  w/cir.  ea.  4.00 

IH25I   Silkon   diode,    UHF  mixer  20/LIO 

TO>5   Sil.    power    mix   2N49B-2N54i-2N54?  iO/LIO 

T0^3    Mix,    20-50    waH,    2NI55-2N255  S/LIO 
MICRO    TRANSISTOR    Planar    Epitaxial    w/shf    25/LlO 

FLY   SPiCK   transistor,   micro   miniature  8/IJO 

MtCRO  DIODE  slJkon  20/LlO 

2N706    Hi   freq.  400   mc  7/LfO 

BLSWITCH  make  lamp  dimmer  etc.  w/sheet  2/1. tO 

2NI4I7  Audfo  sIHcon  NPN  15/LtO 

2N670  Snicon  audfo  IO/LIO 

2NI059   NPN   Gafmanium   AF  IO/LIO 

2N6I3   PNP   Germanium   AF  8/LIO 

2N404   Popular  type   PNP  switching  6/1.10 

2N4I4    PNP    JF   Germanium  6/LIO 

2N?90  Germ.   RF  factory   branded  6/LIO 

60   WATT   silicon   2NI20e-2NI209-2Nf2IO   types  3/1. 10 

4  WATT  silicon   Mesa  2N498  4/IJO 

2ENER   -  6  voft  2  amp  4/LIO 

GERMANIUM   diodes  Clevtte   EM-I  20/LIO 

IN82    Hi   freq.   mixer   diode  25/LIO 

TO- 18    HLfreq.    switching    RF   transistors  2S/LtO 

TO-5   HI  freq.   switching    RF  transistors  25/LJO 

BI-DIRECTIONAL    Silicon   transistors  IS/LIO 

2N223   PNP   germ  AF,  good   gen,   purpose  6/IJO 

500  utifd   Mica  feed-thru    button  IS/LIO 

IBM    MEMORY   CORES   w/spec   sheet  200/LIO 

RESISTOR   -   MIX    100   units    1/2   watt  lOO/LIO 

DISC  CERAMIC  CAPACITORS,  mixed  lOO/I.IO 

2D00   volt    f    amp   diods  ea/  .60 

1000  volt   I   Amp  diode  ea/L20 

REED   SWITCH    miniature  glass  4/LIO 

PHOTO-CELL  resistive  type  2/LlO 

PHOTO-CELL,    generates   electricity  2/LIO 

SILICON    DIODES    I'/i  amp   mixed   voltages  I5/Lm 

GEtGER   COUNTER   chassis,    less  tube  4.50 
INFRA  RED  viewing   tube,  see  in  dark,   w/specs    4,50 

AIR   FORCE  throat   mike  w/strap  M 
MICROPHONE,  small  spy  type  w/ejtp^riment  sht  3/IJO 

All  obove  Rioferial  shipped  postpaid  in  the 
U.S.  Send  25 e  for  large  catalog  of  many 
many   Interesting    items* 

Above  tronsistors   moy  be  marked  or  unmarked. 

JOHN  MESHNA  JR. 

19-A  Allerton  St.,   Lynn   Mass.  01904 
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•  Tub^  etnons  6AU11  Hc,  il»»  12.15  per  100.  fiSN*  etc. 
size.  12-55  per  100.  5t-lGB  sizif,  12,95  per  100.  5U4fi 
size,   ,03t  eath, 

•  7"  90*  TV  bench  test  picture  tuhe  with  Adapter.  No 
Ion   irap   needed.    Cat.   *7BP7,  I7*tl®, 

•  SlllcoJi  rctllfltT.  octal -based  replarement  for  51T4,  5V3, 
5AS4,  5AW4.  5T4,  5Y4.  5Z4.  With  diagram.  Cat  ^ 
KecL  1.   SBc  oaeb, 

■  5  transistor  circuit  hoards  contalninff  up  to  B  tran- 
sistorSp  j>lUB  LlLodes,  reaUtora,  capadtors,  etc.  Cot.  # 
TBIO,   90e. 

•  Kit  of   30   tested   germanlurii   diodes.    Cat.    ^100.   DOc, 

•  RCA- 110"  flyback  transformer,  latest  tjTJe,  Include 
schematic  diagram,  applicable  to  any  TV.   Cat.   #   BR-1, 

•  Color  yokes.  70'  for  all  round  color  CRT's.  CtL  # 
XBC70,  f  12,05,  90*  for  all  feetaiifftUar  19  tt>  25'*  color 
CHT'5.   CtL   -    XRC^,   S12   ''1. 

•  Trans iitoriMd  U.H.F.  tuneri  uied  in  1965  to  l&flT  TT 
seta  made  by  .\dniiral,  RCA.  Motorola,  etc.  Remo?ible 
geariDg  m^f  rary  from  one  mike  10  another.  Need  only 
12  Toltf  d.c.  10  function.  No  illitnent  voltage  needed. 
Ea^y  replaeeinefil  uttita.    Cat.    ^   IMI.F.06T.   |4.I15. 

•  lMf.P.  Tuner— original  unUs  as  used  In  TV  sets  such 
as  EC  A,  AdriHral,  tic.  CTorerlng  rhannt'ls  14  through  $t, 
as  part  of  -940173-2,  ComplHo  with  lube.  Drive  gear- 
ing Is  Tcmovftbie-  Can  be  used  In  most  seti.  Cat.  # 
T:.H.F.    3,   $4,115. 

•  F.M.  timer— Hi /Ft  am|>lifler  tuning  unit.  Tunes  from 
88  to  lOfi  me.  Contains  two  lOJ  Mc.  l.F.  transfer mers, 
one  10. T  Bound  discrlminalor,  II. F,  OHHclllator  and  riUxer 
stages  nnd  12DT8  iube,  l,F/»  are  stimcJard  *"K''  type. 
Circuit  d  la  grain  for  building  F.M.  radio  included.  Also 
plan  for  builcling  F,M,  tuner.  Yarn's  photafact  ^U20 
fihowB  2  applications.  1  for  radio,  1  fc^  Hi -Fidelity 
tuner    and    ampUrier.    Cat,    ^FM-20.    $4,95. 

Send  for  our  free  catalog  listing  ttwusands  of  simllir 
best  buys  In  tube^,  parts,  kits,  irtnjsistors,  reoUflers*  etc. 
Orders  under  I5.0(K  add  11.00  bandling  charge.  Include 
4^  of  dollar  ^alue  of  order  for  postage.  Canadian  post- 
age ^1.00  exira, 

ARCTURUS  ELECTRONICS  CORP. 

502a2nd   St.,    Union    City.    N.J.   07007    Dept.    71 

Pheite:  201 -UN  4-5568 


ELD  ICO    SSB    Adapter    SBA-] 
ceivtT  with   455  kv  IF  to  SJ?tt; 


^UHi    hook,    comeris 

Hit^l^'i't    i^'ither 


UPt>t?r  or    lovyfT   aUh    hiuidt    hi    ncFit    ral^lnet    

Snie.    Rect.    mm   VIV   400    im,    l*air $5.30 

R«Z3/ARC-5  Command  rcvT  11)0-550  kc.  8hog.  wt.  &#      ..    I4.B5 
A.RX,    12   «T1  Command  rcvr  540-1(100   he-   9#    ......    17,95 

LM*I4   freq.   meter,   .01%   125  kc-20  nic,   i5#    , ,   57*50 

TS-323/Uf!    freq.   meter   20-480   mc,    .001%    169.50 

EC-22rs    OK     ., .$57.50         T8-175    OK     ..,. 125.00 

CLOSING     our     Radio    Retelveri    3S-4D00    mc    at    CRA2Y 
LOW    PRICES!    Ask    for    APR-4Y/rV-253  sbeet. 


SP-BOO-lL    Rctr.    0..'i4-54 
R*:^92    II RR    grid  OK.   w 


mc.  aligned,  grid. 
AC   cfily    A    book 


WE  PAY  CASH 

FOR  TUBES 

Lewispaul  Electronics,  Inc. 

303  West  Crescent  Avenue 

Allandale,  New  Jersey  07401 


any   re- 

$121iS0 


.,...250.00 
....   525.00 


WANTED:   GQftP    LAB  TEST    EQUPT   ^   MIL   COMMUNIC. 

WE  PROBABLY  HAVE  THE  BEST  INVENTORY  OF 
GOOD  LAB  TEST  EQUIPMENT  IN  THE  COUNTRY.  BUT 
PLEASE  DO  NOT  ASK  fOft  CATALOG!  ASK  FOR  SPE- 
CIFIC ITEMS  OR  KINDS  OF  ITEMS  YOU  NEEOI  WE 
ALSO    buy:  WHAT    DO   YOU    HAVE? 


R.  E.  GOODHEART  CO.  INC. 

Box  1220-GC.  Beverly  Hills.  Calif.  90213 

Phones:  Area  2? 3.  office  272-5707.  messages  275-5342 


International  Notes 

The  DARC  recently  reported  that  there 
are  now  11,997  DJ,  DK,  and  DL  licensed 
amateurs  in  GeiTnany,  497  DL4-5,  and  1491 
DM's.  The  annual  membership  fee  for  the 
DARC  is,  by  the  way,  $10,  87S  of  the 
licensed  amateurs  in  Germany  are  members 
of  DARC,  When  yon  consider  that  $10  in 
Germany  is  about  equal  to  $25  here  in  terms 
of  comparable  prices  and  wages,  it  is  ob- 
vious that  the  DARC  must  in  some  way 
have  won  the  confidence  of  the  German 
amateur.  Perhaps  our  ARRL,  with  about  27% 
U.S,  amateur  support,  could  get  some  point- 
ers from  DARC? 

160M  buffs  mav  be  interested  to  know  that 
tlie  German  bands  are  1825-1835  kHz  and 
1985^1992  kHz. 

Interested  in  a  short  term  DL  license? 
Write  to  DARC  International  Affairs  Office, 
Muehlenstrasse  27,  D-5601,  Doenberg,  Ger- 
many. Complete  regulations  for  amateur  ra- 
dio in  DL  c£m  be  obtained  from  Secretarv 
DARC,  Beseleralle  10,  D-23,  Kiel,  Germany, 

The  SRJ  (Yugoslavia)  now  has  400  ra- 
dio clubs,  30,000  members  (including  school 
children),  5000  radio  operators  and  1800 
amateur  transmitting  stations  (1200  private, 
600  club)*  During  the  7th  National  Con- 
vention in  June  there  were  competitions  for 
the  fastest  construction  of  radio  equipment 
by  children,  a  QRQ  contest  for  adults  (code 
speed,  if  you  don*t  know  your  Q-signals), 
an  amateur  radio  cartoon  contest,  a  contest 
for  the  best  jokes  in  an  amateur's  life,  an 
exhibition  of  home-made  gear  and  foxhunt* 
ing  for  children  and  adults  on  3,5  and  144 
MHz,  Program  chairmen  for  our  conven- 
tions  please  take  note. 

Region  III  (Asia)  of  the  lARU  has  had 
difficulty  in  getting  together  for  meetings 
up  until  this  year  due  to  the  distances  in- 
volved. Australia,  New  Zealand,  Japan  and 
the  Philippines  were  able  to  send  represent- 
atives for  the  first  meeting  this  year.  The 
Wireless  Institute  of  Australia  will  provide 
the  secretariat  and  the  funds  will  come  from 
member  societies. 

Visiting  Finland?  Reciprocal  licenses  can 
be  had  for  $1L33.  Send  for  application  to 
SRAL,   Box  10306,   Helsinki   10,   Finland. 

Licenses  for  Italy?  Send  for  application 
to  ARI,  via  Yittoria  Veneto    12,   Milan. 
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TB 

14B 

31 

U 

14 

14 

74 

WESTERN  UNITED  STATES  TO: 

ALASKA 

2t4 

21 

M 

7 

7 

7 

7 

7 

14 

21 

IIA 

2lAi 

ARGENTINA 

2U 

14\ 

14 

14 

14 

74 

74 

2U 

ai4 

£14 

214 

llA 

AUSTRALIA 

2H 

aa 

at 

14A 

14 

14 

715 

7B 

H 

14 

?1 

2S 

CANAL    ZONE 

2g 

21 

14 

14 

H 

7 

Tl 

21 

2H 

28 

2a 

20 

ENGLAND 

74 

TB 

7 

i 

T 

TB 

TB 

M 

71 

aiA 

21 

U 

HAWAII 

U 

2& 

11 

144 

14 

14 

Tl 

t 

144 

21A 

2ft 

21 

INDIA 

14 

n 

14 

TB 

TB 

tB 

TB 

TB 

t4 

L4 

14 

141^ 

JAPAN 

IIA 

11 

144 

TA 

7 

7 

7 

7 

m- 

14 

21  I 

MEXICO 

llA 

21 

14 

74 

TA. 

T 

T 

11 

3« 

1« 

IS 

li 

PHILIPPINES 

314 

514 

144 

74 

r 

T 

T 

7 

14 

14 

14 

n 

PUERTO   RICO 

2^  \  . 

14 

14 

T4 

74 

T 

74 

{4V 

ai4 

?IA 

14 

flA 

SOUTH    AFRICA 

14 

H 

14 

TB 

TB 

TS 

TB 

144 

114 

llA 

21^ 

:i 

USSR 

TB 

7B 

7 

7 

7B 

TB 

TB 

1411 

144 

14 

14 

7K 

CAST    COAST 

31^ 

14 

14 

TA 

7A 

T 

7.4 

HA 

314 

214 

2a 

211 

A  '  nf\i.  1 

uQ  Circuit  thui 

ylkf  u 

fl«rui 

Tils  pt 

rwd 

Good:  1,  2.  4-6,  9-12,   14.   16-18,   23-25,   27-30 
Fair:   3,   8,    13,   15,   21,   22,   26 
Poor:  7,  19,  20 


FACTORY 
BRANDED 


Manufacturer's  name  withheld,  but  you  will 
find  it  nnarked  on  every  unit.  Manufactured  to 
Fairchild  900  RTL  Series,  All  first  grade,  spec 
sheets  included-  A  really  amazing  buy.  Never 
previously  offered  by  anyone  at  these  ridiculous 
prices, 

Any  numbttr  ihown  below  shipped  FP.  airmaii  deliv*ry 

$T.OO  ea.  or  $10  dozen 

Buffer   ,„  .„ „„....., ..„,.,. „„    900 

Dual  Input  Sate ..„.« _.„„.„.. .2-903 

Quad  2'fnpgt  Sate  _.„„ .„.. „  2-914 

JK  Flip  Flop  .„..„ , 923 

Dual  JK  Flip  Flop „„„„ .......2-923 

Dual  2-lfTput  Safe.  Dual  Expander  „.J-9I4,   1-925 

Dual  2-lnpyt  Sate   Eitpander  .„... _ 925 

20  Watt  Varactor  similar  to  MA5020 $5.00 

MESHNA  WINTER  CATALOG  1968-2  NOW  OUT! 
•    FATTEST   CATALOG  YET 

Send  25 i;  handling  and  mailing  charge 

Super  •  Stupendous  •  Astounding 
*  Bargains  Galore 


JOHN  MESHNAp  JR.     P.O.  BOX  62A 
EAST  LYNN,  MASS.  09104 


y^fetv 

U.  S.  CRYSTALS 

J^^^^F\       J^Bh 

Surplus  Crystah  —  Amateur 

^^Br   ^  .^K_^^^b 

Kk            FT243,  DC34,  CRIA/AR,  FT24U 
^K4          HCVU  and  other  misc.  crysfals 

^•^S 

^(V^.            Wrlfe  for  Free  Cofofog 

^^       U.  S.  CRYSTALS 

"^ti                  L^*  Angeles*   Calif. 
^*                       P.O,    Box   78397 

I  B  ROPLE X 


ENJOY  EASY, 
RESTFUL   KEYING 

$21.95  to  $43.95 
THE  VIBROPLEX 

CO..    INC. 
833   Broad  woy, 
N.  Y.   3,   N.Y. 


SURPLUS      WANTED 

Equipment,  with  prefixes  ARA,  ARC,  ARM, 
ARN,  APA,  ASN,  ASA,  APN,  APR,  ARR, 
ASQ,  GRR,  GRC,  GRM,  GPM,  VRC,  tPX, 
URA,  LIRR,  URM,  USM,  UPM,  SG,  MD, 
PRM,  PSM,  PRC,  TMQ,  TRM,  TED,  SPA, 
SRT.  CV,  Commercial  equipment  by:  ARC, 
BIRD,  BOONTON,  BENDIX,  COLLINS, 
MEASUREMENTS,  IIP,  NARDA,  GR, 
SPERRY,  etc. ;  TOP  CASH  DOLLAR  PAID 
OR  TRADE.  WE  STOCK  JSEW  HAM 
GEAR.  Write-Wire-Phone  (813)  722-1843, 
Bill  Slep,  W4FHY.  SLEP  ELECTRONICS 
COMPANY,  2412  Highway  301  N.,  EUen- 
ton,  Fla.  33532 


vJ8* 


®. 


TUNAVERTERX 


I 


i 


WITH   NEW  ELECTRONIC 

SQUELCH  ACCESSORY  FOR  NOISE 

FREE  MONITORING  OF  .  .  . 

POLICE  •  FIRE  -  C.  DEFENSE 

AIRCRAFT -AMATEUR  CALLS, 

ON  YOUR  BROADCAST  RADIO! 


T tillable  plus  Crystal  con- 
Lroled  {selectable  with 
i^vrlidi)  solid  state  con- 
verters to  change  your 
9UXq  and  home  ridlos  in- 
to cjtc^llent,  senEilf?e, 
selective*  eallbmtod  YHF 
receivers  1 


n 


tf^  tfgfsif  iBtmn* 


HI 


CRYSTAL 
C  H  A  N  G  A  8 
AND       HEW 


&        TUHABL£. 
L£       CRYSTALS 
ADi.       SQUELCH 


9   volt   battery   powtrtd 
Includes    coa)Cf    mount 
New    FET  traiisistDr  osel. 


-    VERSATILITY! 

=     USABILITY'* 
I    year    Qyarantee 

tG€%    American    JUatfe 


Mt^dcli  for   AM    &   FM   Tunable  &   CrystaU 
BAND 

CB  &  10  m 

6  mcteri 

2  meters 

Pel  ce,  flri,      I  J 

Weather,  etc,  f  ^ 

Aircraft 

Models   for   AM   £u   FM    Tunable   only 

Marine         Marine  2-0*2.85  me        5S0  he 

SW    Sl    WWV     SWL  9,5'ISme       I5Q0  kc 


MODEL    COVERS 

OUTPUT 

PRICE 

273  X  26.9^ 30  mc 

.     JSOOkc 

EACH 

504  X  50- M  me 

1500  ke 

1450  X   144-150  mc 

1500  kc 

$32.95      ppd. 

S4@  X  33^48  mc 

I5Q0  kc 

Lesi    Crystal 

1564  X   I50-J&4  me 

I5Q0  kc 

1B2B  X   118-126  mc 

J  SQ0  kfl 

SI 9.95  ppd. 
$19.95  PDd. 


SaOELCH    FOR   YOUR   TUNAVERTER!! 

Noise  free  nmnUt^rin^  with  adj.  f?lef ironic  iquelch!  No  wires 
to  Kadio  or  Converter!  Just  iiiug  in  roa^I  For  all  3  500  kc 
omiHJts,   0  or   r2  Y,    1   jl  4  X  2  inches, 

Model   ST   mounts  on   bottom   of  Tunavertef    $*7.S0  ppd. 

Model    SU    has! ntjtvi dual    swinging    mount $13.50  ppd 

Coupling    Locp    &    Ext.    Antennas    for   use    w^ttl 

beme    and    Transistor    Radios    ....^ ., $3.S5  ppd. 

Mobile   Battery    Eliminator,    I2V   to  dV    .,.. $4.95  ppd. 

Crystaji — State    Eaxact    iistcnlng    freH'    ..,,,,...  «$5JQ  ppd. 

Order   from:  AIR    MATL   add   $.85   ea. 


HERBERT  SALCH  &  GO. 

Woodsboroi   Texas  78393 


Marketing 

Division  of 

Thompkfnt 

Radio     Profiucts 


EASY  CONSTRUCTION 

MEANS 

UNIT  CHASSIS 

WRITE 

DEVICES 

BOX  136,   BRONX.  N.Y.  10463 


J 


LARGEST  SELECTION  in  United  StoHi 
AT   LOWEST    PRICES— 48    hr.    delivery 


Tbouiandi   of    friqutitchl    In    itock. 
Typ«s      iitcfud*      HC&/U,      HCIS/U, 
FT-241.  R-243,  FT*  171.  •tc. 
SEND  I  Of  for  catalog  with  oicTIUtor 
eircu!ti,  fttfurtdid  on  firft  ord«f. 

2400 B  Cryital  Dr..  Ft.  Mytri.  Flft>  83801 


JENNINGS  VACUUM  VARIABLE  CAPACITOR.  Type  UCS- 
iH>0.     25-5IH)    pf    a[    10    kr.    Includev:    panel    muunting    brmcket. 

BRAND   SE\\\    Fartory   boicd.    (5  IbtJ    ,..._.. .$^9.95 

HAMMARLUND  AIR  VARIABLE  CAPACITOR.  Type  TCD* 
24iJ-*|,  ilual  Hectlon  traiismiulJig  t.vpt*.  31-250  pf  per  s^ectiun 
at    12P;n    Tolts,    10-3/ie"    L    x    1%*    W    s    2%"    H.    BUAND 

KEW.    \  Iff    lbs.  \     $9.95 

STANCOR  POWER  SUPPLY  CHOKE.  Typo  C-IOftl.  10.5 
ilenrksi    at    110    nta.  volt    imulaUon.     BRAND     NEW. 

Factory   U^xed,    (3   Iht.  t    „,.„,,-, „-.$l,00 

Qua nrl ties  ire  limited.  Inelude  sufflelenl  for  postage  and 
Irjgu ranee— any   excels   tt^il!   be   re'urvded   with   your   order. 

I  KAPTAINS    KOMPONENTS 

I    2225   Albion  St.,    Donvar.    Colorado   8&207     •      ^303)    355-3680 


^  Price — %2  per  25  words  for  non-comniercial  ods;  SIO 
per  25  words  for  business  ventures.  Ho  display  ods 
or  agency  discount.  Include  your  check  with  order. 

^  Type  copy.  Phrase  and  punctuate  exactly  as  you  wtsh 
it  to  appear.  No  all-capital  ads. 

^  We  wlU  be  the  judge  of  suifoblMty  of  ad$.  Our  r#- 
sponsibifify  for  errors  eactends  oniy  to  printing  a  cor» 
rect  ad  in  o  later  issue » 

it  For  $1   extra  we  can  molntafn  a  reply  box  for  you. 

*  We  cannot  check  Into  eoch  adverftser,  so  Caveat 
Emptor    . 


*    * 


FOR  SALE— perfect  condition  Clegg  22er  $175.00. 
Central  Electronics  lOA  with  coils,  $65,00.  Will 
ship.  F,  Myers.  1403  Main  St.,  Honesdale,  Pa. 
ia43i. 


SELL!  HRO50T1,  ABCDEF  coils,  speaker,  mantial, 
$165.00.  Will  ship  prepaid.  Cashier  check  or  postal 
money  order.  Clyde  Lee.  K400W,  925  Blue  Springs 
Dr.,  Pensacola,  Fla.  32505. 


GROUNDED      GRID      FILAMENT      CHOICES,      30 

amps.  feiTite  core,  W  x  B\  S4.00.  Plate  chokes 
2500  VDC  aOOMa,  $2.00.  FPUSA48.  Calif,  add  tax. 
William  Deane,  831  Sovereign  Rd,,  San  Diego, 
Cal.   92123. 


HAM— TV,  Close  Circuit  TV  Camera— SI  25.00, 
Hitachi  7735 A   Vidicon— $15.00,  Toshiba  ?038  Vidi- 

con— $10.00,  Reverb — $15.00,  Simpson  260-5  VOM^ 
$3S.OO.  Stan  Nazimek  WB2GKF.  506  Mt.  Prospect 
Ave.,   Clifton,  N.J.  07012. 


THE    OAK    RIDGE    RADIO    OPERATOR'S    CLUB 

will  sponsor  the  18th  Annual  Crossville  Picnic  at 
Cumberland  Mountain  State  Park  July  20-21.  For 
information  write  The  Oak  Ridge  Radio  Opera- 
tor's Club,  Inc.,  PO  Box  291.  Oak  Ridge,  Tenn. 
37830, 


ART-2B  TELEVISION  transmitter.  Excellent  con* 
ditlon  with  plugs,  manual,  and  power  supply, 
400  watts  peak  power.  $125.  Warren  Dunning, 
2828  S.  Simpson   St.,  Philadelphia.  Pa.   19142. 


COLLINS  7S-A3,  .8  and  3.1KC.  Mechanical  filters, 
lOOKC  calibrator.  Product  detector  and  hang 
A.V.C.  added.  Realigned,  recalibrated,  excellent* 
Price  $225,00.  W5NHB,  4615  Laurel.  Bellalre,  Texas 

77401. 


WANTED.  January  1961  issue  of  73.  Please  state 
condition  and  price.  WaOYY,  Russ  Schroeder, 
469  Salt  Rd.,  Webster,  NY.  145S0, 


HILLSBOROUGH  AMATEUR  Radio  Society.  Inc. 
(HARS)  Annual  Tampa.  Florida  Hamfest  will  be 
held  Sunday,  October  13,  1968  at  Lowry  Park 
(Sligh  Ave.  and  N*  Blvd.).  Free  parking-^many 
prizes. 


^ 


^ 


ICRO-MICRO-TO  KEYER:  Perfect  code  from 
one  cubic  inch,  microcircuit  digital  electronic 
keyer  modyle  designed  for  mounting  inside  any 
transmitter.  Speed  range  4-40  WPM.  Grid  block 
keying  only  allows  price  of  $1995.  Includes 
mounting  hardware.  Unconditionally  guaranteed. 
Micro-Tech  Labs,  PO  Box  884  CI.A.BO,  Miami, 
Fla.  33148. 


NATIONAL  200,  A/C  200;  A/C  power  sunply, 
NCXD-DC  power  supply.  Very  good  condition, 
almost  new.  Extra  rig»  and  must  sell  to  best  offer. 
WA20HN.  845  Cliffside  Ave.,  North  Woodmere, 
New  York  1158L 


WANTED:  Teletype  equipment  &  parts.  Also 
R-390A/U-R.  R-220,  etc.  Cash  or  trade  for  new 
amateur   equipment,   Alltronics-Howard    Co.,   Box 

19,  Boston,  Mass  02101    (Tel:  617-742-0058). 

STARTING  A  HAM  STATION?  TeU  us  require- 
ments and  cash  available.  Will  advise  on  best 
possibilities,  $3,00,  WBeVFG,  WB6YPF;  1035  N. 
Ave.  63.  Los  Angeles.  Calif-  90042. 

DO  YOU  HAVE  A  PROBLEM  with  your  equip- 
ment? Let  the  communications  specialists  handle 
it  for  you.  Complete  amateur  service — kits  wired, 
tested.  J- J  Electronics,   Canterbury,  Ct.   06331, 

VARIACS:  Panel  mount,  in  new  condition — 20A — 
$32.50,  6A— $12,95.  l'iA-^$.2S,  Condenser,  com- 
puter grade.  74,000  Mfd.  @  10  V  DC — $1.89.  Send 
for  catalogue  listing  other  condenser  bargains; 
Nicads;  Solid  State  material:  test  equipment  and 
other  "hot''  items.  Advance  Electronics,  54-M 
West  45th  St.,  New  York,  N,Y,   10036. 

WANTED:  April  1964  and  1965  issues  of  QST. 
Write   box   691,   Savannah.   Georgia  31402. 

SWAN  250  +  117XG  P.S,  $300.  Confirm,  like  new, 
no  trades.  Bob  Hopkins.  5631  West  Morris  St., 
Indianapolis,  Indiana,   Phone:   241-1638. 


TR  4,  W/P,,   RV4,  FFl  crystal  control.  NCL  2000, 
$695  FOB,    W6VHS,   write  or  listen  14250±. 


SWAP  514  AD  41  OB  each  Harrison  Power  Sup- 
plies, Goodies  for  Hnear  4-lOOOA  4  spare  tubes. 
Want  TE4  or  similar  size.  Write  Swift,  WICZM. 

SELL:  Immaculate  SB-34  transceiver  with  mike, 
$300.  Eico  electronic  keyer,  new*  $45,  Hallicrafters 
SX-42  and  R42  speaker,  aligned  and  recondi- 
tioned, $150  or  make  offer.  KWS-1  serial,  #1465, 
$800.  Knight  RF  'Z'  bridge  impedance  de\^ice,  $10* 
Turner  SOX  microphone,  $5.  Eldico  SSB-IOOF 
aligned  and  reconditioned^  $275,  Spare  5894/ 
AX9903,  good.  S4,  Lee  Richmond,  16$  Floral  Ave,, 
Plain  view,   N.Y.   11803.   GE   3-8663, 

<'SAROC  FOURTH  ANNUAL  National  Fun  con-  | 
vention  hosted  by  Southern  Nevada  ARC,  Janu- 
ary, 8-12.  1909,  Hotel  Sahara's  new  Space  Conven- 
tion Center.  $12.00  Advance  Registration  accepted 
until  January  1,  1969,  regular  registration  at  door. 
Indies  program  in  Don  the  Beachcomber.  Tech- 
nical seminars:  ATV  FM,  MARS,  RTTY,  QCWA, 
WCARS-7255,  WSSBA  meetings.  Golf  and  bridge 
tournaments.  "SAHOC*'  registered  participants 
entitled  to  special  room  rate  SIO.OO  plus  room 
tax  per  night  single  or  double  occupancy,  ad- 
mittance to  cocktail  parties,  technical  seminars, 
exhibit  area.  Hotel  Sahara's  late  show,  Sunday 
Safari  Hunt  breakfast  (equal  to  any  banquet — ask 
any  "SAROC*'  veteran)-  **SAHOC"  brochure 
planned  for  November  mailing  QSP  QSLr  card 
for  details.  Please  send  separate  checks  for  ac- 
comodations and  registration  now  if  you  hke  to 
W7PBV  c/o  "SAROC  Hotel  Sahara,  Las  Vegas, 
Nevada  89109, 


Get  mere  watts  per  dollar 

Fall  Specials  1968 


Barker    &.    Wliliamson 

Central    Electronics 

J  ^ '  -t  >     1  *  * « 1  • 


wf.-mmt 


*    *  *    i    # 


i  *  *  J  « 


*  *■ 


*  tH   *  * 


4    t-   *   r    » 


20 -A     • , 
600L  **. 
Collffit 

im-i 

KWS-l 
Mi*-1 

51fiE-l 
351D-1 

f5A2    w /filler 
Cte-'e/Squirei    & 

Thar    6    ..*«». 

AC    Supply    ,, 
Drake 

2-BQ 

2A 

2AQ 
EIco 

753   XEW   F/W 

751 

720      . . 
Eldico 

TR-ITV 

YPO-i 
Elmac 

AF-6T 

PMU-7 

A54-H 

FMR-8 

AF-fl'? 

Globe' Da  laxy/WR 

50I1H 

DSB-lOO   kit.   new 

DSB-100 

mo     .... 

f'SA30D 
Gonsfit 

G-fl3     ,., 
Hall  craftera 

H-3SK     .. 

8X-101A 

AC?       .... 
HIi-4fi     .. 
P*ir!0-12 
P-2fl 


» 'f  •  • 


41100 


.,.,  295.00 
, . . .   705*00 

M    w  m    m         119.00 

. »«.  €5,00 
.,,,  21>5.00 
. . . .  050.00 

♦•,.  lao.oo 
im.oQ 

Sanders 
. .  *  f    175.00 
75.00 


VHF-1 

DX-lOO 

Stier    . 

Hl'-20 

DX-40 

HX-30 

Ga-54 

SB'300. 


^     r     t     * 


*  *  ♦■_#  «  «  i. 


49,tiU 

175.00 

79,(*5 


it**    »   t 


'■***** 


HI     »    *    * 


HT-37  ... 
aX-99  . .  . 
H~  1 0"       -  . » 

a  "Si)  t   w   *  w 

HX  -  /  1  V  ,  * 
SX-fi2  ,,, 
SX-llI  ., 
H'^ath 
ITA-14/HP 
HA-SO  *. 
QF-1       ... 

HD-n    .. 

ITO-10    ... 


14 


20.00 
1S9.00 

20.00 

109.00 
90.00 
40.00 
49,00 

150-00 
15.00 

45.00 
45.00 
SI.  00 
95.00 
85.00 
05.00 

240.00 
Sn.Ofl 

4n,no 
iaf>.on 

75.00 

110,00 

34-05 
109.00 

ao.'i.oo 

325.00 
149.00 
7J5.O0 
40,00 
225.00 
75.00 
£10.00 

on.  00 

00.00 

}4n.oo 

130.00 

160.00 
75,00 
5.00 
17.00 
10.00 
20.00 


249.00 

SB-400.. 295.00     .,-  495.00 

SX-40     .•..  49-00 

SH-400   fllke  new),-  615. OO 

HAMIMABLUND 

HQ'llOC      125.00 

HQ-IOOC     ....- 110.00 

HX-SO      ,-  525.00 

T[Q-170    ,,.** 169.00 

E.    F,    Jchnsan 

Ranger    H    ,...,,.-  17'O.ftO 

Viking  mcrbilc   kit    .  50.00 

Courier    Amplifier    ,  139.00 

Ath'€ntuTer      *.*•---  S5. 00 

Challeoget     50.00 

Audio    Amplifier    *.  75.00 

Taliam    I     .*. 150.00 

YiJcinfi    II    ....*•••  75*00 

Tlklng    1     .,,.,.,.•  54. 95 

Valiant       *  :'        ' 

122    TFO    .-* ii.'jo 

6N2     \T^O    .. -,  21J.0O 

Thunderbolt 325.00 

Pacemafeer 140*00 

Kniffht 

R'lOO     ,,*. ti..-.J 

T-RH    35.00 

Lafayette 

HA-00    .*, 29.00 

HE-30    .,.. 39,00 

TrE-50/3-lOM      69.00 

M 05 lay 

CM-l      -,-  05,00 

National     "Spaeial" 

NCL-2000    NEW     *.  405.00 

NC-4C     45.00 

HBO-60    w/coila     ,,  225.00 

NC-IOOA   50.00 

NCX-A      *.* -.  95.00 

yX-501 140,00 

NC-109 70.00 

Xr-155 90.00 

HKO-500    NEW    .,.lfi73JI0 

NCX    3    *.  219.00 

Poiytronks 

PC-G2B      iOO.OO 

VV   0 175.00 

RME 

VHF-602 189.00 

4300 89.00 

Swan     Elcctranics 

SW-ISO      ., ,  125.00 

SW-240      , 199.01) 

8W-117AC 85.00 

TPIT    .*,..  05,00 

S.     B,    E. 

SB33       ,,.*,..,..,,  190.00 

Mtsct]]anei}us     Ttams: 
son     will  I     jvhone    & 
rw    imlr.     6'    rack 

&    cabinet |2f*0.00 

Assorted  power  suppl;  16.00 


FRECK  RADIO  &  SUPPLY  CO..  INC. 

3S   Brtmore   Avenue        •        Aslieville,   N.C.   28801 
T.  T,  Freck  W4WL    704-254-9551    Doug  Jones  Wa41HO 


C9  de  W2KyW 

All  +ubes  bought 

Electronic  items  waited 

Topping  all  offers 

TED  DAMES  CO. 

308  Hickory  St..  Arlingfon.  N.J.  07032 


L 


2 —  METERS  — 6 

Used  FM  two  way  radio  equipment 

RCA   —   Dumont   —   Moloria   —   Federal   — 

General    Electric    —    Comco    —    lendiic    — 

\jnk  —  Kaar  —  Aero+ron   —  Etc, 

Send   self  addressed   stamped   envelope  for  free   lisfmg, 

F.  M.  HAM  SALES 

Fort  Worfh,   Texas   76100 


P.O.   Box  IB 74 


RCC  Puimrnmlc  Indicator  455kc  IP,   115V  60cy   .,..EX  67.50 
Refleetumettr   SWH  Bridge   w/Meter,  30'lBOOmc.    •♦.EX  8,50 

BC733F    I08*110mc   Converts   to  Satellite  RenT EX  8.75 

Weston    Meter  MiHlule   H4Z  Tjpe   5.    5<iO-0-500ufl    .,..EX  4.75 

T23ARCS    im-immc    w/Tulje:i       ,. ,,.GOOD  14.50 

R26/ARC5  3-tUlic  Hwelvtr  w/Tube^   &  Dyna motor.  .EX 


T20  ARC5   4-^.:fme  used  5.0Ch-T2t/ARC5   5-7mc    ..EX 
ATJ4I.,  ARCI2  225-350mc  Brmidbami  Stub  Antenna., EX 

EX 
.EX 


0.75 

6jm 

3.00 

4,75 

ia.50 

,, . ,   G.5D 

..EX  6.75 

:EX  12.50 

NEW  1,50 

..LN  1.75 

.,1^  4,50 

,     .    &X  1  4   nd 

_  .EX  6,75 
.EX  27^50 

. .  EX  7 ,  50 
-.EX  6.25 


AM40A    AlC    Interfoti*?   Aiijijllfler   w/Dynamotor    ,.. 
T46S/ALT7   20iiW   Xmiltr    iaS-3n2mc  w/2   6161*5    . 

T465  Schematic  pp.   LOO Complete  Manual  pp. 

TCSI2   Xmlttr/Ht'ciT  Control   Boi  with  Speaker   ,. 
J  on  64  No.   574.23   Mkromatch  Doubler  C^Hlple^    ... 

Cia   ARC.   Type   12   Kqulpment    Control  Box    

CU57  <:orstriil   Boi   for   a550yAKR4(|  Receiver    

C760B/A  Control  Boi  Tor  ARN14B&C  Receirers  ,. 
C45  Control  Box  for  ARCl,  4  &  12  Eqtilpment  ,, 
i;iGl  Tube  w/Connecion.  100  Watts  to  1200me.  -, 
ni0tA/ARN6  lOO-irsufec  Recetver.  Foyr  Bands  . 
ID9tB/ARN6  4'  Navigators  BtarlD^  Indicator  -. 
AS:^L'%B/ARN6  SUtion  Seeking  Loop.  I0t)-17m>fee. 
IDie9C/APKi2  aJPl   CRT  Scope.  Coax  Switcb  ..NEW  12,50 

PPa3fi  Main   Power  Supply  for  APR9  Ret^t^er EX  16,50 

PP337/APR9  KI>strDn  Supply  for  T^130.  TN131  ..EX  10.50 
10226  rflfioranUc  Indicator  for  APR9  Het^eiTe^  ,*,.EX  14,50 
Seop*   Xformor  lB50V!^3ma  5  Fil  Windings  OOty.    ..UN  4,75 

SA325    U   Coaxial  Swltcb  SP4T   MYBC  Motor EX  6.50 

Adaptor  Cafile  PL259  io  BNC  Panel  Socket  •....LN  .1/L75 
Flb-rg1a»  Insulatlnir  Rod  *4'  i>ia  br  IW*  Long  ..EX  5/l.On 

OH  MITE  2-50  Radio  Frequency  Choke   **-J:X 

Rt.    Angli    Orfve  w/O^ars,   Universal,   %"  Shafts., EX 

FbC^^fnni  Capacitor!   15  on  Panel Three  Panels   .. 

BNC    tUG290/U    Coaxial   Panel  Sockets   ..,.. EX 

Caax  fl-  long  w/BX€  (UG200A/U)  Plug  each  end  EX  5/1.00 
CoaK  8'*  w/1   BN'C  Plug  &  1   BNC  Panel  Socket   ,.EX  4/1.00 


fi/LOfl 

2/2,50 

/LOO 

S/LOO 


iox  294j  Boy  Saint  Louts, 
MissUsjppI   39B20* 
Prices:  FOS  Bey  Saint  Louis,  Terms:   Net,  Cash. 


E.  C.  HAYDEN 


SURPLUS   SALE 

We  have  to  move  a  ciuantJty  of  material  out  of  one  of  our 

itoraie  areai*  &nd  need  rcom. 

Mar^'    parti«    asiemblles    and    a^sonet!    material    will    he   sold 

at    cost    (or  below)    on   a    Ilriit   i!ome   first   served   basis. 

Our   Bpeclal   salo   flF^r    Is    available   by   st^ndin^  3   unused    Oc 

postage   stampB   to  mint  postage   &,   handlmg. 


RIGELOW  ELiCTRONICS 

P.O.   Box  71 


Blufftt»ii,   Ohio  458^7 


YOUR  SURPLUS  WANTED  BY 
THE  FASTEST  GUN  IN  THE  EAST 

No    horsing   around,    we    pay   fast    .    .    *    in    24 
hours    ,    .    .    and    we    pay    more.    We'll    swap    or 
trade    new    equipment    too    ,    .    .    We    quote    fast 
too.   We   also  pay  for  shipping,    insurance,   etc. 
You   call   fast,    now,    collect,    for   fast  quote. 

SPACE  ELECTRONICS 

dit.  of  MILITARY  ELECTROHICS  CORP. 
II    Summit  Ave..    Eafit   Paterson,    N.J.   07407.    <20l)    791-5050 


OF   THE  WORLD'S   FINEST 

ELECTRONIC     GOV'T 
SURPLUS   BARGAINS 


r 


■^ 


Now  BIGGER 

And  BETTER 

Than  Ever! 

MAIL  COUPON   NOW ": 


"hBBMBBMBil'j 


I 

I    ADDRESS:  

FAUT  RADIO  SALES 

Depf.   73        •        Box   1105        •        LIMA,  OHIO  45802 


.STATE:  „....„..^ HP: 


HEATH  KIT:  HR-20  REC,  HX'20  XMTR  (SSB, 
VOX,  VFO),  HP-20  AC  power  supply.  All  operat- 
ing. $200.  M.  Kaplan,  23038  Lanark  St.,  Canoga 
Park,  Calif.  91304. 


HIPOWER  PP4E27  linear  amplifier.  Surplus  item 
suitable  foundation  unit  for  grounded  grid  per 
August  73  article.  Equipped*  variable  tank  in- 
ductor, no  junk.  $15.00.  Megeff  W2DXK,  5015 
Weeks  Lane,  Flushing,  New  York  11365. 

SIDEBAND  PACKAGE.  Swan  240,  Heath  HPIO. 
AC  supply,  Hallicrafters  PS150-12  DC  supply, 
$200.  Bruce  Tepper  K6HET,  12402  KilLLon  Street, 
North  Hollywood,  Calif.,  91607. 

SELL:  Heathkit  SB^OO,  $275,00:  SB-200  with  spare 
finals  $200.00  or  make  offer.  S.A.S,E.  Jinn 
WB6MQE,  51T  E.  Emerson  Ave.,  Monterey  Park, 
Calif.   91754. 


FOR  SALE:  Swan  250  with  117XC  AC  power  sup- 
ply,  used  5  hours.  Price  firm:  S220*  FOB  Stanhope. 
Glenn  C.  Ward,  WA2KZF,  RFD  1.  Stanhope,  N.J. 

WANTED:  Microwave  gear,  waveguide,  couplers, 
mounts,  etc.,  for  amateur  group.  Send  list  and 
prices  to  S.  Daskam.  K20PL  RD  2,  Box  360, 
Flemington,  New  Jersey  08822, 


SELL:  Mint  SBE-34.  SB2-LA,  Mike.  Mobile  mount. 
Hustler  Deck  MAST,  W/resonators  for  75-40-20 
meter  bands.  Mini- Products  unused  2-element  6 
through  20  meter  beam.  First  certified  check  for 
$550.00  or  best  offer  takes  it.  WA9PTJ,  SSGT, 
Laurence  E.  Rasmussen.  Co.  C,  Box  82,  DLIWC^ 
Monterey,  California  93940, 


NATIONAL  NC-lOO  receiver,  with  Knight-kit 
with  Knight-kit  crystal  calibration.  Excellent 
crystal  calibration.  Excellent  condition,  $120  post- 
paid. WN9VAQ,  526  East  Jefferson,  Columbia 
City,   Indiana   46725. 


SWAN-250,  mint.  All  factory  improvements  in- 
cluding calibrator.  Three  hours  air  time.  Price: 
$275;  includes  7-element  Finco  6-meter  beam. 
W6NFW.  51  Washington,  San  Juan  Bautista, 
Calif.  95045, 


FIRST  CLASS  RADIOTELEPHONE  correspond- 
ence course  from  Cleveland  Institute  of  Electron- 
ics. $50.  It  really  works!  Larry  Pirkl,  Box  5391. 
NDSU,  Fargo.  ND. 


NCX-5,  DC  SUPPLY,  parts  for  AC  supply,  used 
mobile  only,  later  serial  -....  S395.00.  WIFBT, 
46   Pearl  Street,   Quincy,   Mass.   02169, 


WRL'S  USED  OEAR  has  trial-terms-guarantee! 
S129  95;  Comm  H,  6*meter— S89.95:  SR46— $94.50; 
HW 12— $89-95:  HW22— $89.95;  SB33— §199.95:  Galaxy 
III"^$189  95;  Galaxy  V— S289  95;  Galaxy  V  Mk  2— 
S329.95;  Galaxy  300— $159.95;  AF68^S69J5:  HXSO— 
$199,95;  RME6900— $149,95.  Hundreds  more,  free 
"blue-book**  list.  Write  WRL,  Box  919.  Council 
Bluffs,  Iowa  51501. 


TUBES  WANTED.  A„types  higher  prices  paid. 
Write  or  phone  CeCo  Communications.  120  West 
I8th  Street,  New  York  lOOll.  Tel.  212-242-7359, 


WANT   AEROTItON    or  similar   2M    AM    xtal    re* 

ceive  Sc  transmit  transceiver,  AC  power,  for  re- 
mote control  work.  WIKCR,  Box  25,  Claremont, 
N.H.   03743. 


RTTY  GEAR  FOR  SALE.  List  issued  monthly,  88 
or  44  MHy  torroids  S  for  $L50  postpaid.  Elliott 
Buchanan  &  Associates,  Inc.,  1067  Mandana  Blvd., 
Oakland,  California  94610, 


DISCOUHT  PRICES— TIME  PAYMENTS!  New 
Swan  equipment,  factory  sealed  cartons,  full 
warranty  at  discount  prices.  Swan  500C  $463, 
Swan  350C  $378,  Swan  250  $292.  Immediate  de* 
livery*  New  CDR  Ham-M  with  indicator  $99.95, 
TR-44  S59,95.  Hygain  antenna  specials  TH6-DXX 
$135,  TH3-MK3  $108.  Tower  special  Tri-ex  W-51 
self  supporting  crank  up — shipped  prepaid  $299.95, 
All  equipment  listed  is  new  in  factory  sealed 
cartons  with  full  warranty,  in  stock  for  imme- 
diate delivery.  No  down  payment  with  approved 
credit.  36  months  to  pay.  Write  or  call  for  "dis- 
count price  quote"  on  all  brands  of  amateur 
equipment,  Bryan  W5KFT,  Edwards  ElectronicSp 
1314_19th  St.,  Lrubbock,   Texas.   806-872-8759. 

WANTEO:  Military,  commercial »  surplus  Air^ 
borne,  ground,  transmitters,  receiver,  testsets  ac-* 
cessories.  Especially  Collins,  We  pay  freight  and 
cash.  Ritco  Electronics,  Box  156.  Annandale,  Va. 
Phone  703-560-5480  collect. 


30M  V  @  3:;F  brand  new  GE  Pyronal  oil  capaci- 
tors S3  each.  Can  mail.  3-lbs  each  shipping  w^t.. 
FOB.  P,  Wandelt,  RD  #  1,  Unadilla,  New  York 
13849, 


Tell  Our  Advertisers 


You  Saw  It  In  73 


CAN  I  GET  A  PRIZE 
WITH  MY  RENEWAL? 

Yes  ^  .  ^if  you  bring  a  friend. 

Your  renewal  (or  extension  of  subscrip- 
tion) plus  a  new  subscription  for  a  friend 
is  the  key  to  the  prices  given  below.  USA 
or  APO  only.  And  please  send  us  the  ad- 
dress from  your  wrapper.  All  items  are 
postpaid  unless  marked  FOB. 

your  cost 

1,  Digital  cfock  with  date   (S50)      ...^ „ $38.50 

2.  Call  on    Digital    deik  clock    ($25)    ^ . 16,00 

3*     Rotating    three    tier    parts  bin    (JSJ    — *_„™...frec 

4.  K*E  Slide    Rule    ($S} frmm 

5.  Inside-outside    thefmometer    {$S)    .,-.««,.^...,..™  1.00 

6.  Rand-McNalfv    Imperial   Atlas   ($13)    ....„^.^„„  4.00 

7.  Rand-McNally    Magellan    Globe    ($14)    ..„_  6.00 

fi.    Car   blanket  with   case    ($12) .,...., „^  2. 00 

9.  I&   Transistor  AM/FM    bat.^ac    ($35) 19.50 

10.  AM/FM-CJock     ($4SJ 32,50 

IL  Lamp-cfock-radlp   {$35J 

12.   13"^    Hammond    world    globe    ($13) 

13"  Hammond   lighted   globe   ($17) 
IB"   Hammond   world   globe    ($17) 
IB"  Hamond   lighted  globe    (i2&l 
Polaroid  Big  Swinger  camera    ($25] 

17,  Polaroid   215  camera    {%U)     ^._ 

18.  4^d rawer  desk  ($45)  {FOB>  _..___„ 
If,  Enicyclopedia  ($140)  (FOB)  -™„„™ 
20.  Cassette  tape  recorder   ($45)   ^ 


~«4^1  ■t«ir«IIA-ll-flt*«ll-*'-iB-T-H-B!i-r 


13. 
14. 
15. 

16. 


■  ■•■*■■  *fl*-»-^Ji 


■ifa  ■#»"■■■ 


■-**^*-ft  «!*■<* 


19.00 
5.00 
8.00 
10.00 
13.00 
17.90 
43.00 
24.00 
52.00 
35.00 

Send  us  your  address  from  your  wrapper, 
the  name^  call  and  address  of  your  friend 
on  a  3  X  5  card  who  gets  the  new  one  year 
subscription  together  with  $6  for  your  one 
year  renewal,  $6  for  your  friend  and  the 
amount  for  one  of  the  above  "gifts", 
USA-APO  only.  Offer  expires  September 
30,  1968. 


/i^ 


it  Handles  2  Amps 


i9      /m       ^  nsnaies  a  Amps       ^r 

S^^lM    2  AMP     6  ,. 

^^s^mm\  800  p  I V  for  " 

TOP  HAT  □  J 
RECTIFIERS 


UNIJUNCTION 
TRANSISTORS 
D2N489  $'fl47 

with  data  sheetP 


Similar  to 


VeJ 

tSrt) 
VaHt 


Max. 

CMf.,     Stand- 

off 

ip  llEO:  Ratlo^ 


2N4B9-     I   &.0  I  2»:  20L5I-.62  | 


TUNNEL 
o  DIODE 

1N3716/T03 
Actual  Size 


Used   m   m»iy     ^ 
Otcillotor  Ofid 
ompliffer  circuiti 


I 


1  AMP  TOP  HAT  AND  EPOXIES 


50  D 

100  n 
200  n 

400  D 
diDO  D 


PIV 

800  n 
1000  n 

1200  D 
1400  P 
1600  D 


PIV 

J9  tsoon 

,31      2000  □ 
a44     3000 

.62  4000 

.72  TOO 00 


SALE 
•87 

LOS 
l.&O 

1.90 

4,ao 


jgEPOXY    TRANSISTORS    &    IC's 

Fairchitd,    Motorola,    Texas,    Bendix 


ar'c 


4— 2N3563   NPN,    600MC,    200MW  |i 

4— 3N3643   NPN,    250MC.    35DMW       "' $i 

3— B-500D   Bendix  NPN  1  5-WATT  3AmpSi 

4^2N4313    PNP    600MC,    2O0MW    _  Si 

3^3N3565,    500HH.    NfN,    200MC    "" $! 

3— 2N42&5,    4Q0HFE.    MfiN,    350MC  Si 


HAM 

SILICON 

TUBE 

SPECIALS 

[fteploc«i]        SjJe 
niNT23a    SU4GBJ    ......2.39 

□  1N1239    5R41     ...4.39 

niN1237    024J     „...„„.2.39 
niN1262    6ALr4GTAI   ..2.39 

□  1N2637    8&6A)      _  ...9/99 


INTEGRATED 
CIRCUITS 


n.lP  FLOPS 
Gatt$ 

no   test 


100  MICROAMP 
PANEL  METER 


1  AMP 


MietOMINIATUii 

SILICON  RECTIFIERS 

Actual  Size 


Salt      Fiv       Sal« 

□     5f  600  n  aof 

D      7|   ioo    n    351 

n    'nooo  n  ,311 
n  121 


1.5AMP 
2000  PIV 

SILICON      JH 

RECTIFIERS      | 


400  ^^ 

1^ 


for 


^1 


2I\I706  G 

¥<qtu|Kl      ^fm     \  ma 

30   1x0-300   150 


GIANT  "SUMMERCATALOG   ON:   Parts,  Rectifiers,  mf%A 
[_J     Transistors^  SCRs,  I.C/s,  Equipment,  Etc.        *  ^^r 


TERMS:  include   postage.  Rated,  net  30  days.  COO 25% 


POLY  PAKS 


P.O,  BOX  542  A 

Lynrtfietdp  Mass,  01940 


T 


LIBERTY  PAYS  MORE!! 


WILL  BUY 
FOR  CASH 

ALL  TYPES 

ELECTRON  TUBES 
SEMICONDUCTORS 
Military  Electronic 

Equipment 
Test  Equipment 


PRESTEL  FIELD  STRENGTH. METER 

(Model  6T4G) 

Frequency  Range:  40  to  230 
And  470  to  860  Megah^Hi. 
Calibrated  outword  from  10 
to  50,000  Microvolts,  Nothing 
makes  it  easier  to  properly  and 
speedjfy  find  the  correct  place 
to  install  TV,  FM  and  Com- 
munication Antennas.  You  can 
^"^  measure    and    hear  the    signals 

with    this   4I/2    volt   battery   economically    powered 

unit.  There  is  nothing   else   like  iti 

Only  $120.00 


WIRE,  WRITE,  PHONE  COLLERI  WE  PAY  FREIGHT  ON  UL  PURCHASES 


Liberty  Electronics,  Inc. 

548  Broadwayi  New  Yorkp  New  York  10012,  Phone  212-925-6000 


THE  BEST 

3/4   METER 

CONVERTER 


Model  407 

$49.95 

ppd« 


430*412  MHt  in.  28-30  MHi  out 
or  up  to  440  MHz  with  addition  a  I  crysfafSt 

A  full  description  of  this  fantastic  converter 
would  fill  this  page,  but  you  can  take  our  word 
for  it  (or  thoee  of  htindreds  of  satisfied  users) 
that  it's  the  best.  The  reason  is  simp le^^ we  use 
three  RCA  dual  u&te  MOSFETs,  one  bipolar,  and 
3  diodes  in  the  best  circuit  ever.  Still  not  con- 
\nnced?  Then  send  for  our  free  catalog  and  get 
the  full  description,  plus  photos  and  even  the 
schematic. 

Can't  wait?  Then  send  us  a  postal  money  order 
for  834J5  and  we*l!  rush  the  40?  out  to  you. 
KOTE:  The  Mod^!  407  is  also  avaOable  in  any 
freauency  combinatioTi  up  to  450  MHz  ^some  at 
lower  prices)  as  listed  in  oor  catalog.  New  York 
City  and  State  residents  add  !ocal  sales  tax* 


VANGUARD  LABS 

DepK  H,  l?6-23  Jamaica  Avt.,  Hollis,  N<Y»  11423 
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Actlrondack,     96 
Aerotraii/Am«60i   39 
Amldan,    HI 
Antenna    Wart,     MS 
Areturus,     122 
Anmid    Engraving.    9S 
ARRL    Nat' I    Coiwentioiii    113 
Arrow    S^tles^     103 
ATV,    74 

BO   Electronies,    IIS 
B&F,    Jit 

Bigelt^Wr    12€ 

Bob's   Amateur   Eteetronies^    120 

eTl/Hafstr^m,    34 

Cra bt r e« ' i    El  »etrofi  lei ,    1 1 
Cviheraft,    105 

Dairies,    Ted,    125 

Devices*    124 

DGP.    Cover  II.  75,   n 

Drake,    33 

OXer    Magazine,    87 

Editors   and    EngiiteerSp    55 
Electron iei    Astitt..    47 
Ep3i1{»n    Rceordt,    Sf 
Evafi^    Radio.    SO 

E<Z  Way,  ai 

Fttf    Radio.    12€ 
FM     Nnm    SaNs,     t2S 
FragaJe^   Pet»,    IIS 
Freek,    US 

Galaxy,    3 

Gateway    Eteetronl^,    07 
Gateway  Towers,    115 
Glass.   J.    L,    tl3 

Good  heart.     122 

Hayden,    1 26 

Heath,    12,    13 
Kenry  Radi<i«  77 
Huniir   Sales,   8t 

International    Cryttal,    9 

laine$   Rrieareh,   93 
Jan    Crystal,     r24 
Jeff  Iran  ics,    120 


Kaptains    Komponenti,    124 
Leger   Labs,   84 
Lewispaul,    122 
Liberty,    128 

Meshna,    12 1,    123 
Mission,    19 

Mflntgonrery    Goodetfc,    35 
M  05  Ley,    73 

Nationat    Radio,    43 
Ncwtronics,    Co^er    IV 

Palo  mar,    85 

Pickering,   39 

PJ*^    Radio    Slinek,    96 

Poly  Pak5,    127 

Radio    Amateyr  Callbook 

47,    86 
Radio  Stiack,    69 
Hedline*  SL  9S 

SaleN,    124 

Seliober    Organs,    33 

Skylane,    Sr 

Step    Eleetron'es.    123 

Space/ Military,    126 

Sound   History,   tiS 

Swaif,   27 

TAB,    119 

TAB   Books.   SO 

Telrex,    29 

Tower,   97 

Tristao.    120 

Two    Way    Radio,    120 

United     Radio,     199 
U.S.    Crystals,    123 


Vanguard, 

45,  57,  8S,  m, 
VHF  Associates, 
Vibraptex,    123 


87,   118. 

120 


128 


WRL,   Cover   II 

73    Magazine,     IS,    42.    4S,    47, 
50,    57.    in,    lie,    il7.    127 


128 


73  MAGAZINE 


MINI-AF 
GENERATOR 


QUI  sun 

mm  110  3 

AMPLITUDE 


SOLID  STATE 
MINI  AF  GENERATOR 

Fully  transistorized  sine  and  square  wave  generator,  10  Hz  to  100  kHz  in  four 
bands.  Smallest  in  world  7W  x  3%"  x  3%'^  L9  lbs.  An  FET  oscillator  with  a 
thermistor  and  intensive  reverse  feedback  maintain  the  output  at  minimum  dis- 
tortion and  constant  level  (less  that  0,3%  200  Hz-lOO  kHz  and  less  than  0,8% 
10-200  Hz).  The  power  supply  is  built  in  (100-120  vac  50/60  Hz  and  is  stabilized 
to  0J%  against  line  voltage  fluctuations.  Square  wave  rise  time  0.2  fis.  Output 
impedance  600  ohms  ±  100  ohms  unbalanced.  This  generator  is  built  for  tlie 
laboratory  but  is  available  at  ham  prices,  ,., ...*. .,.,,.,-.,...$59.95 
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Distribyfors  and  Reps  wonted 

Wrife  Sales   Manager  John  Kneeland 
DGP  Company,  Jaffrey,  N.H.  03452 

Buy  this  fine  product  at  your  nearest 
distributor  or  order  fronn  Red  line  Com- 
pany, JafFrey.  N.H.  03452.  Please  add 
$1    for  postage  and   handling. 
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HUSTLER  base  statton  antennas  look  special  .  .  .  and  are. 
Each  is  precision  engineered  by  the  undisputed  specialists 
of  the  communications  industry.  Hustler  works  better— 
lasts  longer— installs  easier. 


TRAP  VERTICAL 


One  tuning  adjustment  to  cover  both  phone  and  CW!  Individ- 
ually and  precisely,  optimum  tuned  traps,  lowest  SWR  at 

resonance.  Broadest  bandwidth  with  SWR  1.6:1  at  band  edges  40  thru  10 

meters.  Can  be  top  loaded  for  75  meters. 

Model  4-BTV **,.**     User  Net~$35J5 


CLIFF-DWELLER 


Remotely  tuned  dipole  for  40,  75  and  10  meters 
in  limited  antenna  space.  The  one  and  only 
of  its  kind  with  three  motors  to  remotely  tune 
and  band-switch.  No  traps  or  baiuns— no 
special  matching  requirements.  Strong,  heavy 
duty  iridited  aluminum  die  cast  housings, 
heat  treated  aluminum  and  chrome  plated 
brass  tubing. 

Model  CD-40^75.  .   ,   .  .  .     User  Net-$159J5 


COVEYA-6 


I 


The  famous  Hustler  6  meter  antenna  with 
cardioid  pattern.  The  ideal  beam  for  round 
table  QSO's.  10  db.  gain  over  Vz  wave  dipole 
—25  db  front  to  back  ratio  —SWR  at  reso- 
nance, 1,1:1— band  width.  1000  kc  with 
SWR  under  2:1,  Compact  design,  light 
weight— 8 Vz  pounds. 

Model  COV-6  ......  User  Net-i35J5 


Investigate  Hustler.,  .youll  never  buy  anything  else! 


NEW-  TRONICS  CORP.  I 


3455  Vega  Avenue 
Cleveland.  Ohio  44113 


